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PREFACE. 


The subject of Dust Explosions has not received serious consideration 
until recent years. In fact no one seemed to have any conception that 
dust alone could explode. But the fact that a large number of explosions 
have been occurring in mines and industrial plants where no explosive 
^ases were present has proved this idea to be false and has led to a 
study of this particular hazard. The loss of life and property which 
many of these explosions have entailed has increased the demand for a 
•comprehensive and authoritative publication on the subject. In attempting 
to meet this demand the authors desire to give the facts as they have 
heen found by investigation, in such a way that they may be easily 
understood and applied. 

Following a series of disastrous explosions in coal mines in the United 
States in 1907, the Technological Branch of the U. S. Geological Survey 
started an investigation to determine the causes of these disasters and to 
<ievelop means of prevention. An experiment station was established at 
P^ittsburgh, Pa. In 1910 this division became a separate bureau, the U. S. 
Bureau of Mines, under the Department of the Interior. In connection 
with its study of mine explosions this Bureau has been interested in 
-explosions in industrial plants since any information on the subject 
would help in solving the related problems. Consequently, when a 
disastrous explosion occurred in a feed-grinding plant in Buffalo, N. Y., 
in June, 1913, the Bureau of Mines made a careful study of it. In the 
course of the investigation the grain and milling men of that vicinity 
took a lively interest in the question, desiring to give and obtain all 
possible assistance so that similar disasters might be prevented. This 
led to a co-operation between the Bureau of Mines and the milling and 
^'rain interests of the country for the purpose of studying the causes 
of dust explosions in mills and elevators and developing means of pre- 
vention. This investigation was carried on at the Bureau of Mines for 
one year, being financed by the grain trade. In the fall of 1914 pro- 
vision was made for continuation of the work on a permanent basis 
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by the Bureau of Chemistry of the U. S. Department of Agriculture, 
where it is being conducted at the present time. 

To give an idea of the scope of the study of dust explosions and 
of the industries subject to such disasters, it may be stated that explosions 
are known to have occurred in flour mills, feed mills, grain elevators, 
starch, dextrine, and all grain-handling plants, sugar, candy, chocolate, ' 
malt, spice, linseed meal, cottonseed meal, paper, cork and linoleum, wood 
working, and sulphur factories, and in coal mines. In fact, all industrial 
plants in which a dust is produced in the handling of carbonaceous 
material, or the manufacture of various products from this material, 
are subject to the possibility of an explosion. Some idea of the extent 
of the industries affected and of the amount of property involved 
may be obtained from the census reports for 1919. These show that 
more than 21,000 establishments are manufacturing or creating dusts of 
an explosive nature, and that the valuation of the product is more than 
$6,700,000,000. 

In approaching this subject it has seemed well to consider what a 
dust explosion really is and the different factors which affect its nature 
or behavior, what explosions have done and what has been learned in 
studying those which have occurred in the various industries, and then 
to discuss the measures which have proved most effective in preventing 
an explosion or in retarding its development when once started. It is 
the sincere desire of the authors, in bringing this matter to the attention 
of the public in this way, that many explosions may be prevented, and 
that thereby many lives and much property may be saved. 
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CHAPTER I. 


NATURE AND THEORY OF DUST EXPLOSIONS. 

A clearer idea of the nature of dust explosions will be obtained if 
they are considered in comparison with another type of explosion. In 
these days of internal combustion engines all are more or less familiar 
with the subject of gas explosions. Mixtures of different types of gases 
will explode under proper conditions, but the best knoimi explosive 
mixture is one of an inflammable gas and air, such as gasoline gas and air, 
or methane (mine gas) and air. Before it is possible to have an 
explosion of any of these mixtures, two conditions must be present, 
namely, a proper mixture of the gases and a source of heat of sufficient 
intensity to ignite the mixture. 

Dust Explosions and Gas Explosions Compared. 

In a gas explosion there are at least two steps, the ignition and the 
propagation. When a source of ignition comes in contact with any part 
of an explosive gas mixture, the particles of gas in the immediate vicinity 
ignite. If there is a proper mixture of gases the heat given off by the 
burning of one or more of the gas particles will ignite the surrounding 
particles, and they, in turn, will ignite the particles of gas around them. 
In this way the ignition will proceed, continuing to propagate in con- 
centric circles as far as the inflammable gas mixture is present. The 
rate of propagation is dependent upon the percentage of gas in the 
mixture and also upon its inflammability. Under certain conditions the 
flame will propagate with explosive violence, as, for example, through 
a mixture of methane and air if more than 5.5 per cent and less than 
14 per cent of the gas is present. The most rapid propagation occurs 
in a mixture containing about 9.6 per cent of methane and 90.4 per cent 
of air. This is the most explosive mixture of methane and air, and 
when explosions occur in it there is not only the most rapid propagation 
of flame but the highest pressures are developed if the mixture is confined. 
As the lower or higher limits are approached the explosion becomes less 
violent, until a point is reached at the lower limit where the mixture 
is too lean (not enough gas present), or at the upper limit where the 
mixture is too rich (too much gas present), to have an explosion. ^ Under 
the lower limit it may be considered that the inflammable gas particles 
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DUST EXPLOSIONS. 


are not close enough together to allow the heat of combustion of one 
particle to ignite the particles nearest to it, and above the upper limit 
there is not a sufficient amount of oxygen present in the mixture to 
support the combustion of the gas. 

If it is remembered that gases are made up of particles, but that 
these particles are so small that they cannot be seen, and that dust is 

simply a lot of separate parti- 
cles large enough to be seen 
(though often not by direct 
light), and that when a cloud 
of dust is in suspension in the 
air it resembles a mixture of 
gas and air, in that the parti- 
cles are surrounded by the air, 
it will be evident that gas mix- 
tures and dust clouds are very 
similar. Therefore, it would 
be reasonable to expect that 
gas explosions and dust explo- 
sions would be similar and 
that the same laws would con- 
trol them in almost every par- 
ticular. 

In order to have a dust ex- 
plosion every condition which 
has been given for gas explo- 
sions must exist. There must 
be a proper mixture of inflam- 
mable dust and air and there 
must be present a source pf 
heat of sufficient intensity to ignite the dust. Ignition and propagation 
proceed in the same manner. There is also a lower and an upper limit 
to the amount of dust in suspension in the air, in which there can be an 
explosion, and a particular point at which the most violent explosion 
wdll take place for any particular dust. These facts may be deduced 
from a simple consideration of the relation between gas and dust particles. 
Fortunately, however, certain experimental data have been obtained 
which substantiate these statements, even though the investigations of 
dust explosions have not been as complete or as conclusive as those of 
gas explosions. This is probably due to the great difficulties encountered 
in maintaining or even obtaining a uniform dust cloud of any desired 
density. 

However, some of these difficulties have been overcome by Dr. J. D. 
Morgan,^ of England, in investigations which demonstrate that there are 
explosive limits for dust and air mixtures as for gas and air mixtures. 



Fig. 1. 

Relation of Amount of Dust 
to Inflammability. 


"Proc. of the Institution of Civil Engineers, vol. 196. Session 1913-1914. 
Part II. An apparatus of 105 cc. capacity was used. 
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Some of his results with lycopodium dust are shown in Fig-ure 1. A 
curve for gases/ Figure 2, gives an opportunity for comparing the 
effects of varying percentages of dust or gas in the mixtures. It will 
be noticed that a certain amount of either must be present before an 
explosion can be obtained, that as the quantity is increased up to a 
certain point the mixtures become more explosive, and that increasing 
the amount of either beyond that point causes a decrease in the explosive 
qualities. In discussing the curve in Figure 1, Dr. Morgan states: 
'‘It has been asserted that excess of dust cannot have a diminishing 
effect upon the maximum pressures obtainable from the explosion of a 
given dust, on the assumption that part of the dust in the cloud com- 
pletely combines with the available air, and 
the remainder of the dust is unaffected. But, 
as the curve shows, excess of dust has a 
damping effect upon an explosion, and in 
every variety of experiment of which the 
author has any knowledge this fact was 
always observed.’’ 

It is not possible to judge by simply 
looking at a gas mixture whether it is ex- 
plosive or not. But with a mixture of dust 
and air it is possible, after considerable 
experience, to judge by appearance whether 
a flame would propagate through it or not, 
knowing of course the sort of dust in the 
cloud. A man once said that, in his opinion, 
a dangerous condition would exist if he 
could see a haze caused by dust between 
himself and a 100-watt electric lamp about 
15 feet away. If this were true, there 
would be many more explosions than at the 
present time, for this condition is frequently 
found in many if not in all mills where 
a fine powdery product is manufactured. 

As a matter of fact, it takes a fairly dense 
cloud of dust, as dust clouds are usually 
considered, to propagate a flame. It is pos- 
sible to obtain some idea of this density 
by taking a small quantity of dust, putting 
it in a cheese cloth, or other thin or loosely 
woven fabric and shaking it out as a cloud over an open flame until 
the cloud coming in contact with the flame is dense enough to ignite and 
propagate. When judged by the eye this dust cloud may appear quite 
dense, but the actual weight of dust in any given space may be very small. 
For instance, it has been determined by the United States Bureau of 



Fig. 2. 

Relation of Amount of Gas 
to Inflammability. 


^ Prepared by Dr. Morgan from table in The Gas Engine, 6th ed., p. 100, by 
Dr. Dugald Clerk. 
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Mines^ that an explosion will propagate through a cloud of coal dust 
having only 0.032 ounce of dust per cubic foot of air space (32 grams 
per cubic meter), while in France a propagation was obtained with only 
0.023 ounce per cubic foot and in Germany the lowest figure given is 0.040 
ounce per cubic foot. While the amount of coal dust necessary for the 
most explosive mixture and the maximum amount of this dust which 
can be present and still have an explosion, have not been definitely estab- 
lished, it can be assumed from the gas analogy, that the most explosive 
mixture would be the one in which there is just enough dust to utilize 
all the oxygen in the given volume. For the coal dust used by the Bureau 
of Mines this was found to be 0.123 ounce per cubic foot. So the mini- 
mum amount of coal dust neces.sary for an explosion may be considered 
to be about 0.023 ounce per cubic foot, while the most explosive mixture 
would contain about 0.123 ounce per cubic foot. 

While no determinations as accurate as these have been made to 
establish the minimum amount of dusts other than coal dust necessary 
to propagate an explosion, it has been possible to obtain propagation 
of flame with as low as 0.030 ounce per cubic foot, and the indications 
were that propagation could be obtained with much less dust per unit 
volume. The fact that many of the inflammable dusts can be ignited 
more easily and at lower temperatures than coal dust under the same 
conditions, and that in the explosion which follows they will produce 
higher pressures, would indicate that an ignition could be obtained with 
a smaller amount of certain other dusts per cubic foot of air space 
than with coal dust. The amount of these dusts necessary to give the 
most explosive mixture has not been determined but, as in the case of 
coal dust, it might be considered to be that amount which would just 
utilize all the oxygen in a given volume. With starch, for instance, 
this would be 0.220 ounce per cubic foot. 

These figures are in such units that it may be difficult to interpret 
them on the basis of the amount of dust that might be present in a 
portion of a factory. Should 0.030 ounce per cubic foot 'be taken as 
a lower limit, which is sufficiently high, it would be found that a flame 
will easily propagate through a room containing 5333 cubic feet, or 
one approximately 20x25x10 feet, if there are only 10 pounds of dust 
in the room; or the maximum explosive effect might be obtained in this 
same room if it contained only 70 pounds of starch dust, for example, 
or only 40 pounds of coal dust. These figures are very small com- 
paratively when the actual amounts often present in certain factories and 
in some places in most factories producing powdered or semi-powdered 
products are considered. 

Even though there might be present in a factory that amount of dust 
which would form the most inflammable mixture and which, if ignited, 
would propagate the flame more rapidly than any other mixture of that 
particular dust and air, and would have in it the possibility of pro- 
ducing very high pressures, the maximum possible velocity and pressure 


U. S. Bureau of Mines Bull. 20, p. 48. 
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would probably never be reached. This would be entirely due to the 
fact that the walls of factories are not built to withstand anywhere near 
as high pressure as may be developed in such an explosion, or in fact 
in any explosion having more force than that created by a simple 
propagation. This will be brought out more 'fully in a later chapter, 
but a statement here of some of the pressures and velocities obtained 
in certain gas and dust explosions made within containers especially 
constructed, will illustrate this point and also give a clearer idea of the 
relation between dust and gas explosions. Under different conditions 
and with different dusts, the Bureau of Mines and the British and 
French Experiment Stations have measured velocities of from 2,000 to 
3,300 feet per second, while in certain tests there have been indications 
of velocities considerably higher than these, in fact of over 6,000 feet 
per second. Different experimenters have determined the maximum 
velocities of propagation of flame in gas mixtures and have given the 
following results : 

Velocity per second. 

Meters. Feet. 


2 parts hydrogen -f 1 part oxygen 2820 9250 

4 parts coal gas + 5 parts oxygen 2700 8876 

1 part ethylene + 3 parts oxygen 2364 7724 

1 part methane + 2 parts oxygen 2322 7616 

2 parts carbon monoxide + 1 part oxygen 1680 5510 


In large-scale tests with coal dusts, pressures have been obtained 
as high as 270 pounds per square inch, while in one test at the French 
Experiment Station the steel gallery, with an ewStimated breaking strength 
of 570 pounds per sq. in., gave way, pieces of the sheet steel being 
thrown distances up to 150 meters (472 feet). No such accurate 
tests have been made with inflammable dusts other than coal dust. FIow- 
ever, a few tests were made with flour and starch in a steel gallery 
erected by the Bureau of Mines. This gallery was 220 feet in length 
and 6 feet in diameter. Each 10-foot section had an 18-inch opening 
at the top covered with a heavy iron door which would open and relieve 
the pressure. Instruments were placed along the gallery to record the 
pressures and velocities obtained in the tests. The conditions were 
such that results could not be considered accurate. However, flour gave 
about the same pressures and velocities as did coal — which was used 
for comparison — while starch gave velocities fully twice as great as 
those given by coal and pressures 8 to 10 times greater. On account 
of the vents on the gallery, these were not exceptionally high, being 
only a little over 30 pounds pressure per square inch, and velocities of 
around 2,000 feet per second, but the results show that higher pressures 
and velocities may be obtained in explosions of dusts other than coal. 
As will be shown later in this chapter, the pressure in small explosion 
tests was sometimes fully 50 per cent higher with certain dusts than 
that produced with coal dust. Consequently it would be reasonable to 
expect that pressures of at least 300 to 400 pounds per square inch 
might be developed in explosions of these materials. With a mixture 
of 1 vol. methane -F 2 vol. oxygen -F 9 vol. air a ])ressure of 97.5 
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pounds per square inch was obtained, while with a mixture of 2 voh 
hydrogen + 1 vol. oxygen a pressure of 310.5 pounds per square inch 
was obtained. In all these tests the mixtures of gases as well as those 
of dust and air were at atmospheric pressure when ignited. 

It will be noted that as high pressures have been obtained in coal 
dust explosions as in gas explosions. However, the extremely high. 
\elocities attained by the flame in certain gas mixtures have not been 
reported as occurring in dust explosions. This could not be expected,, 
for the finest dust particles are many times larger than gas molecules, 
and so, even in the densest dust clouds, the particles could not be as 
close together or as intimately mixed with the oxygen as are gas 
molecules. Therefore, the heat created by the burning of one dust 
particle cannot be as readily transmitted to the next particle as it can be- 
in a mixture of gases. 

It is generally agreed that after a dust explosion is well under way, 
or at least has reached the velocity of a detonating wave, that is, in 
excess of 2,000 feet per second, the only action which takes place is the 
rapid burning of the dust. In the propagation of an explosion, a heat 
wave precedes the flame and explosion wave. It has been thought that 
in the early stages of an explosion this heat causes a distillation of gas 
from the dust, resulting in an explosion of the combination of gas and 
dust. As explosions of gases were studied much earlier than explosions 
of dusts, it was -considered at first that there could be no such thing 
as an explosion of dust without the presence of a gas. In some of the 
earlier investigations it was not possible to obtain an ignition of dust 
alone, but ignitions were obtained when a small amount of gas was 
present, that is, less than the minimum amount necessary for a gas 
explosion. In more recent investigations the question has been raised 
as to just what does take place in the early stages of an explosion and 
particularly at the time of ignition of dusts. 

French experimenters^ devised an apparatus for testing the inflam- 
mability of dust and determining the amount of volatile matter given 
off in instantaneous heating. In the apparatus a cloud of dust was blown 
downward through a porcelain tube, externally heated, the temperature 
of the inside wall being regarded as a measure of the inflammability. 
With this apparatus a sample of coal dust was blown through the tube 
at 700° C., at which temperature it did not inflame. Before the test 
the content of volatile matter of the dust was 28.4 per cent. This per- 
centage was lowered 2.2 per cent in the momentary heating to which 
the dust was subjected in passing through the apparatus. It was con- 
sidered that this decrease demonstrated the evolution of volatile matter 
preceding inflammation. 

British experimenters,- after a long series of tests, came to the con- 

^M. J. Taffanel and M. A. Durr, Inflammation de poussieres. 5th sen, 1911, p. 34. 

"Great Britain, Home Department, Second report of the explosions in mines 
committee, 1912, p. 43, and R. V. Wheeler, The volatile constituents of coal, part 4. 
The relative inflammability of coal dusts: Jour. Chem. Soc., vol. 103, 1913, pp. 
1715-1734. 
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elusion that control of the dust with the source of ignition for too long 
a time permits appreciable if not complete distillation of some particles 
of dust, at least enough to form local mixtures of lower explosive limits 
from any high volatile coal. They show that in a very short period of 
contact volatile matter is given off from only the more easily decom- 
posable constituents. However, the amount of gas which is given off 
in the normal period of contact does not seem to be sufficient to form 
an explosive mixture throughout the cloud, and the British authorities 
are of the opinion that the propagation of the explosion in the early 
stages takes place in the same way as in the later stages, simply by rapid 
burning of the dust. 

For some time the United States Bureau of Mines^ has been working 
on this problem, so far using two different methods of testing, one being 
to drop a heated body through a cloud of dust and the other to raise a 
cloud of dust with a blast of hot gases which were heated to tempera- 
tures sufficient to ignite the dust. In both methods, when the apparatus 
contained air, ignitions were easily obtained. Nitrogen was then used 
and the gases given off in the momentary heating were analyzed. Besides 
coal, tests were also made with wheat starch, stinking smut of wheat, 
cornstarch and dextrine. 

As a result of these two entirely independent investigations, in which 
radically different methods of igniting the dust cloud were used, it is 
evident that it is at least possible to inflame coal dust suspensions in air 
under conditions wherein the predistillation of gas appears to l)e so 
slight that it can not be considered an effective factor in causing ignition. 
The alternative explanation seems to be a direct attack upon the finely 
divided dust by oxygen molecules. That the size of the dust particles 
is an important factor in the relative inflammability of dusts of the same 
character has long been appreciated. This fact lends weight to I lie 
direct-attack hypothesis. 

Although in some of the many experiments tried, unmistakable but 
slight quantities of combustible gas, largely carbon monoxide, were found 
after momentary heating of dust by the methods used, no relation could 
be traced between its relative quantity and the known relative inflamma- 
bility of the dusts. 

On page 41 a table is given showing the gases evolved in the healing 
of coal, cellulose and starch. While this distillation is at temperatures 
considerably lower than the temperatures of inflammation or at least of 
propagation of explosions, the results bear out the conclusions of I lie 
Bureau of Mines and indicate that in the early stages of explosions the 
same process goes on as in the later stages, namely a direct burning, or 
as stated by the Bureau of Mines, "‘a direct attack upon the finely divided 
dust by oxygen molecules.^' 

Although dust particles in suspension have such comparatively large 
exposed surfaces that there may be a very rapid distillation of gases 
when heat is applied, the fact that the volatile content of some dusts is 
largely of a non-flammable material, together with the facts brought oiu. 


^U. S. Bureau of Mines. Reports of Investigations, No. 2306, 1922. 
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above, seems to prove that in the ignition of the dust there is simply a 
rapid burning or oxidation of the particles themselves, instead of a dis- 
tillation of gases and either a gas explosion or a combination gas and 
dust explosion. 

Unless all the conditions which might possibly affect the inflammability 
of a dust are known it is difficult to state offhand what dusts are 
explosive, or whether a certain dust will explode or is dangerous. One 
broad principle which may be used as a guide in determining what dusts 
are explosive or dangerous is that any dust from highly carbonaceous 
material or from any material that will burn may explode under proper 
conditions and is therefore dangerous from the explosion standpoint. 
The fact that coal dust is explosive has been brought out very forcibly 
by the large losses of life often accompanying a mine explosion. As an 
explosion often spreads throughout an entire mine, the large number of 
men working in it have no chance of escape. If not killed by the explosion 
itself they are suffocated by the gases. In a factory or mill the loss 
of life is not so great proportionately as the force of the explosion often 
does not reach all parts of the plant and the men who are not killed by 
the initial explosion have a chance to get out. Many of the most 
disastrous dust explosions in industrial plants have occurred at times 
when the plant was not in full operation. The percentage of life loss 
has been very high, indicating that an explosion during the normal 
working period of the day would result in extensive loss of life if the 
full force of employees were present. The largest number of men ever 
killed in a mine explosion is 358, at the Monongah mines in West Vir- 
ginia, on December 6th, 1907. The largest number of lives lost in an 
explosion in a factory is 43. In this latter explosion, which occurred 
in a starch factory in Cedar Rapids, Iowa, in May, 1919, 30 others were 
injured. Less than a hundred persons were in the plant, but the day 
shift of over six hundred had left the factory not over a half hour before 
the explosion occurred. In explosions in factories the number injured 
often exceeds the number killed, as, for instance, in an explosion in a 
mill in Liverpool, in 1911, where 39 were killed and 101 injured. So, 
while the loss of life is usually less in factories than in mine explosions 
employees of both are subject to this hazard. 

That carbonaceous dusts are explosive is accepted as a theory by many 
men prominently identified with various industries, but they seem to feel 
that their particular plants are immune. It is not so long ago that some 
of the flour millers would say that they never heard of a dust explosion 
in a flour mill, while elevator men would say that they knew of the danger 
in flour mills, but most of them thought that elevator dusts contained too 
much field dirt to be explosive. However, since all carbonaceous dusts 
may explode, every possible precaution should be taken, not only in flour 
mills and elevators, but in every industry producing carbonaceous dusts, 
and, in fact, in other industries as well, for explosions of aluminum dusts 
have occurred, and there is one report of an explosion of iron dust. The 
authors have not been able to verify this report. In addition to those 
already referred to, explosions of the following dusts are known to have 
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occurred: All dusts from grains or cereals, such as flour and elevator 
dusts, starch, feed and malt dusts; and dusts from bark, cork, cotton 
seed meal, cotton lint and flyings, fertilizer, herbs, leather, paper, spices 
and coffee, sugar, wood and wool. 

While it is true that these dusts are not equally dangerous, under the 
proper conditions all of them will explode. That there must be present 
a proper mixture of the dust and air and a source of heat of sufficient 
intensity to ignite the dust has been stated. The ease with which a dust 
ignites and propagates a flame is to a very large degree a measure of 
the hazard which may exist where that particular dust is present. This 
property is termed the “inflammability’’ of the dust. A measure of the 
relative inflammability of dusts, therefore, will give us some idea of 
their relative danger. 

In the attempts which have been made to devise a satisfactory metnod 
of measuring this property of various dusts, most of the methods have 
been developed for testing coal dusts, but it has been possible to apply 
some of these in the testing of the relative inflammability of other dusts. 
In the earlier work little attempt was made to establish any relation be- 
tween the different dusts, the chief object being to determine whether 
a dust was inflammable or not. Tests and observations on this subject 
have been made by Faraday,’ Watson Smith, ^ Mallard and M. Le Cha- 
teller,^ Galloway,^ Vital, ^ Bedson and Widdas,® Holtzwart and Meyer’' 
and by men associated with experiment stations in England, France and 
the United States. 

Vital was among the first to attempt to establish a relation between 
the various dusts, particularly coal dusts. He blew the dust as a cloud 
through a gas flame and into "a long glass tube, at the far end of which 
was a light pith ball. The nature of the flame, the distance it traveled 
and the distance which the pith ball was moved by the force of the 
explosion gave an indication of the relative inflammability of the dust. 
Bedson and Widdas tested dusts by blowing them as a cloud into a glass 
globe in which was a coil of platinum wire that could be heated electrically. 
They found that different dusts required different temperatures, de- 
termined by the amount of current necessary to produce an ignition. 
Later they attached a water manometer to the apparatus and by keeping 
all conditions constant they found that with different dusts they obtained 
different pressures in the explosions. This gave them another method of 
measuring the explosive character of the dusts. 

A method devised by Taffanel of the French Experiment Station 
consisted in blowing, by means of a blast of oxygen, a known quantity 
of dust over and against a definite sized flame of a benzene lamp, and 


^ Final Report, Accidents in Mines Comm., Eng. 1886, p. 30. 

U- Soc. Chem. Ind., vol. 25, 1906, p. 54. 

^ Annales des Mines, ser. 7, vol. 20, 1881, pp. 121-159. 

^ Proc. Roy. Soc. London, 1876, p. 168; Annales des mines, ser. 7, vol. 11, 
1878, p. 229; Bull. Soc. Ind. Minerale, ser. 2, vol. 9, 1880, p. 157. 

® Annales des mines, ser. 7, vol. 7, 1875, p. 180. 

® Trans. Inst. Min. Eng., vol. 32, 1907, pp. 529-531. 

’ Dingler’s Polytech J., vol. 280, 1891, pp. 185, 237. 
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then measuring, usually photographically, the length and size of the flame. 
In this way he was able to classify the various dusts in a certain order 
of their relative explosibility. 

Following two serious explosions which occurred in England in 1911, 
Dr. R. V. Wheeler of the Explosions in Coal Mines Committee conducted 
a series of experiments on 66 different samples of dust collected from 
plants which would come under the jurisdiction of the Factory and Work- 
shop Acts. He used two methods of testing, “one^ for the purpose of 


^Test No. 1 — The Relative Ignition-Temperatures. — A glass cylinder, 8 
cm. in diameter and 140 cm. long, open at both ends, is supported in a horizontal 
position (fig. 3). A platinum coil of 32 gauge wire, closely wound on a thin- 
walled tube of quartz of capillary bore, passes horizontally across the cylinder 
at a point 40 cm. from one end. Through the bore of the quartz tube a platinum 
and platinum-rhodium thermo-couple passes and is connected to a millivoltmeter 



calibrated so as to read temperatures on the Centigrade scale. By means of 
suitable connections an electric current can be passed through the platinum coil 
so that it can be heated to any temperature up to about 1400° C., and maintained 
at a constant temperature by the adjustment of an e.xternal resistance. The 
length of the heated coil is 17 mm. and its diameter 1.5 mm. 

The dust to be tested is placed in an even layer along a glass tube of 2,5 

cm. internal diameter, 45 cm. long. This tube (A, fig. 3) is closed at one end 
by a rubber stopper carrying a glass tap (B) of 1 cm. bore. It is supported in 
the position shown in the diagram, the open end being at a distance of 30 cm. 
from the heated platinum coil. The tap is connected with an arrangement for 

giving a constant puff of air, consisting of a brass cylinder, 65 cm. long and of 

11 cm. internal diameter, fitted with a piston weighted so as to give a pressure 
of 2 lbs. per square inch. 

The platinum coil having been heated to such a temperature as preliminary 
trials may have indicated as being . about that required, the dust cloud is pro- 
duced by suddenly opening tap (B). The air-blast, passing over the surface 
of the dust in the tube (A), raises the top layer and carries it into the larger 
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discriminating between harmless and dangerous dusts, the other- with the 
intention of ascertaining the temperatures at which inflammation of the 
dangerous dusts takes place readily.'’ 


tube and over the heated coil in a cloud that remains uniform during the stroke 
of ^ the pistpn. If ignition occurs the temperature of the platinum coil is lowered 
IC or 20° C. and 'a fresh trial made-; and so on until two temperatures are 
obtained, differing by 10° C., at one of which inflammation takes place, whilst at 
the other the dust-cloud passes over uninflamed. The mean temperature is then 
taken to be the ignition-temperature of the dust under the conditions of the test. 

As an example, to render the operation clear, the details of the tests with 
sugar may be taken. 

I gmtion’‘te7nperatu7'e of sugar dust . — The dust was dried and sieved through 
a sieve with 200 meshes to the linear inch. 

Temperature of Coil Result 

900° C Ignition. Rapid propagation of flame. 

880° C ■. 

860° C “ “ 

840° C Ignition after an interval. 

820° C 

800° C *. No ignition. 

810° C Ignition. Rapid propagation of flame. 

800° C No ignition. 

Ignition temperature =805° C. 

When ignition occurs, flame is propagated both with and against the direction 
of travel of the dust-cloud, and issues in some cases from the open end of the 
cylinder at a distance of 100 cm. from the igniting coil. With other dusts the 
flame travels only 50 or 60 cm. along the cylinder; with others, generally those 
containing a high percentage of mineral matter, a small flare, only, appears in 
the vicinity of the igniting coil, and no true propagation of flame takes place. 

The ignition-temperatures observed, which, it will be understood, are relative 
and refer only to the particular set of experimental conditions employed, are 
given in the table that follows. For the sake of comparison it may be mentioned 
that the ignition temperatures of most bituminous coal dusts, as determined in 
the same apparatus, lie between 1000° and 1100° C. 

So far as possible, the different dusts (all of which were dried during one 
hour at 107° C.) were obtained of the same degree of fineness by passing through 
a 2CX)-mesh sieve. In some cases this was not possible owing to the fluffy nature 
of the substance; in other cases the sample received contained no such fine dust. 
The ignition-temperatures in such cases have no relative value, and the experi- 
ments made serve only to show whether or not the substance is dangerously 
inflammable. 

^Test No. 2 — Determination of the Lowest Temperature at Which 
Ignition Can Be Effected — now to be described, attempts to determine the lowest 
temperatures at which ignition can be effected in the case of all the dusts already 
subjected to Test No. 1. 

The igniting-surface in this test is a loosely rolled spiral of copper gauze con- 
tained in a porcelain tube (A), of 25 mm. internal diameter and 10 cm. long. ^ This 
tube is placed vertically as shown in fig. 4. The sieved and dried dust is intro- 
duced into the horizontal dust-tube (B)_; its weight being 0.2 grarns. The wide 
portion of this dust-tube is then placed vertically over the porcelain tube which 
is heated by a small electric furnace. A tap which connects with the apparatus 
for giving a constant puff of air, previously described (fig. 3), is now quickly 
opened. All the dust in the dust-tube is thus projected downwards thrqugh the 
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As a result of these tests. Dr. Wheeler has divided the various dusts 
into three classes, namely: 

Class I. — Dusts which ignite and propagate flame readily, the source 

of heat required for ignition be- 



Fig. 4. 

Apparatus for Determination of 
Lowest Ignition Temperature. 


ing comparatively small ; such, 
for example, as a lighted match. 

Class II. — Dusts which are 
readily ignited, but which for the 
propagation of flame require a 
source of heat of large size and 
high temperature (such as an 
electric arc), or of long duration 
(such as the flame of a Bunsen 
burner) . 

Class III. — Dusts which do not 
appear to be capable of propagat- 
ing flame under any conditions 
likely to obtain in a factory; 
either (a) because they do not 
readily form a cloud in air, or 
{b) because they are contaminat- 
ed with a large quantity of in- 
combustible matter, or (c) be- 
cause the material of which they 
are composed does not burn rap- 
idly enough. 

As a result of the tests he 
found it possible to place the 
various dusts in three classes as 
follows : 


Sugar 

Dextrine 

(calcined farina) 
Starch 
Cocoa 

Rice, meal and sugar 
refuse 
Cork 


Class I. 

Unextracted soya bean 

Wood flour 

Malt 

Oat husk 

Grain (flour mill) 

Maize 

Tea 

Compound cake 


Grain (grain storage) 
Rape seed 
Cornflour. 

Flour (flour mill) 

Chicory 

Briquette 

Gramophone record 
Extracted soya bean 


furnace. If the temperature is high enough it ignites there and a flame appears 
underneath. 

Before making the series of determinations with the different dusts, a series 
of experiments was made using dust of the same composition and varying the 
time of passage of the cloud through the tube. This was done by varying the 
time of fall of the piston in the apparatus for giving a constant puff of air. It 
was found, as anticipated, that, up to a certain point, the slower the rate of 
passage of the dust-cloud through the porcelain tube the lower need the temperature 
of the latter be to cause ignition. 
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Copal gum 
Leather 
‘‘Dead” cork 
Cocoanut oil milling 
Rice milling 


Organic ammonia 
Tobacco 
Spice milling 
Bone meal 

Coal (foundry black- 
ing) 

Lamp black 
Sack cleaning 


Class II. 

Sawdust 
Castor oil meal 
Oil cake 

Offal grinding (bran) 
Grist milling 

Class III. 

Retort carbon 
Rape seed (Russian) 
Blacking 
Grain cleaning 
Drug grinding 
Cotton seed 
Cotton seed and soya 
bean 


Horn meal 

Mustard 

Shoddy 

Shellac composition 


Charcoal 

Foundry blacking 

Brush carbon 

Stale coke 

Plumbago 

Bone charcoal 

Mineral and ivory black 


Dr. Wheeler makes the following comments upon the various classes : 

“The dusts in Class I are arranged (roughly) in order of their inflam- 
mability. In this class, sugar, dextrine, starch, and cocoa^ are the most 
dangerous, sugar exceptionally so. Sugar ignites when projected as a 
cloud against a surface heated to below red heat, and, when ignition has 
taken place, the flame travels throughout the dust-cloud with great 
rapidity. 

“Of the dusts in Class II the samples of shoddy, being of a fluffy 
nature, did not readily form a cloud in air, but they contained a sufficient 
quantity of fine material to render them dangerous when in bulk. The 
sample of shellac composition contained over 60 per cent, of incombustible 
matter, but was inflammable ; a reduction in the quantity of incombustible 
matter present would render it dangerous. 

“Of Class III the first 10 are all more or less readily inflammable, but 
they showed no signs of being capable of propagating flame. It is pos- 
sible, however, that other samples of the same materials, less contaminated 
with incombustible matter, or in a finer state of division, might be found 
capable of propagating flame. The classification of these dusts as harm- 
less refers, therefore, to the particular samples tested only. The remain- 
ing dusts in Class III can be definitely regarded as harmless materials.” 

In order to determine the temperature of ignition which is necessary 
to have a propagation through a cloud of the various dusts, a method 
was devised in which a cloud of dust was blown against a coil of plati- 
num wire, the temperature of which could be measured and easily con- 
trolled. The results of these tests with the various dusts already classi- 
fied above are shown in Table I. 


The sample of cocoa dust tested appeared to have had sugar mixed with it. 
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TABLE I. 

Temperature of Ignition of Various Dusts When Small Portions of Cloud 
Are Instantaneously Heated. 


Lab- 

oratory 

Index 

No. 

(1) 

Substance. 

(2) 

Percentage of sample 
as received that passed 
a 200-mesh sieve. 

(3) 

Ignition- 

Tem- 

perature 

OC. 

(4) 

Remarks. 

(5) 

1 

Dextrine (cal- 

Practically all passed 

940 

Flame travelled very rapidly 


cined farina). 


through. 


in the cloud. 

2 

Cork 

Practically all passed 

975 

Flame travelled rapidly. 




through. 



3 

Wood flour .... 

Fluffy, could not 

985 

Cloud formed easily although 




sieve. 


the sample was unsieved. 

4 

Lamp black. . . . 

Could not be sieved. . 

— 

No ignition. 

5 

Cotton seed. . . . 





Difl&cult to form a cloud. 

6 

Cotton seed and 


Fluffy, could not 

— 


Such pieces as came in con- 


soya bean. 


> sieve. 



tact with the coil showed 

7 

Cotton seed. . . . 





but slight tendency to in- 







flame. 

8 

Compound cake 


10 

955 


Flame travelled rapidly. 

9 

Rice meal and 

Fluffy, could not 

970 

Cloud formed easily and flame 


sugar refuse. 


sieve. 


travelled rapidly in it. 

10 

Rape seed 

Did not sieve, sample 

1050 

Ignition-temperature prob- 




too small. 


ably lower, but no more 






dust available. 

11 

U nextracted 


10 

975 

— 


soya bean. 





12 

Rape seed (Rus- 


90 

— 

No ignition. 


sian) . 





13 

Extracted soya 


50 

1140 

— 


bean. 





14 

Castor oil meal. 


50 

1100 

— 

15 1 

Grain (flour 


50 

995 

— 

1 

i 

mill). 





16 

Tobacco 


75 1 



No ignition. A few sparks 

17 

Organic am- 


10 \ 

— . 


appeared around the coil 


monia. 





above 1100°. 

18 

Retort carbon. . 


30 

— 

No ignition. 

19 

Spice milling. . . 


50 1 



20 

Drug grinding. . 


30 


• 

A small flare appeared at the 

21 

Drug grinding. . 


75 \ 

— . 


coil at 1000° and upwards. 

22 

Drug grinding. . 


70 



but no flame was prop- 

23 

Tobacco 


75 J 



agated. 

24 

Leather 


30 

1050 



25 

Sawdust 


20 

970- 



26 

Grist milling. . . 


30 

— 

A small flare appeared at coil 






but there was no prop- 






agation of flame. 

27 

Oil cake 


30 

945 



28 

Sack cleaning. . 

Fluffy, could not 

— 

No ignition. 




sieve. 



29 

Rice milling. . . 


20 1 



Small flare at coil but no 

30 

[Cocoanut oil 

None passedthrough ^ 

— . 


propagation of flame. 


milling. 


sieve. j 




31 

Offal grinding 


75 

980 



(bran). 

_ 



— 
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TABLE I — Continued 


Lab- 

oratory 

Index 

No. 

(1) 

Substance, 

(2) 

Percentage of sample 
as received that passed 
a 200-mesh sieve. 

(3) 

Ignition- 

Tem- 

perature 

®C. 

(4) 

Remarks. 

(5) 

32 

Tea 

50 

1010 

— 

33 

Sugar 

50 

805 

Flame travelled very rapidly 
in the cloud. 

34 

Blacking 

75 

— 

No ignition. 

35 

Grain (grain 
storage) . 

20 

1050 


36 

Starch 

80 

1035 

— 

37 

Grain cleaning. 

None passed through 

— 

No ignition. Sample much 
’ too coarse to form a cloud. 

38 

Horn meal 

50 

— 

No ignition; a few sparks 
only. 

39 

Oat husk 

90 

990 

— 

40 

Cork 

50 

990 

Flame propagated rapidly. 

41 

Cork 

90 

1080 

— 

42 

Starch 

100 

960 

Flame propagated rapidly. 

43 

Foundry black- 

100 j 

— 

No ignition. 

44 

ing. 

Briquette 

90 I 

1090 

— 

45 

Chicory 

80 

1070 

— 

46 

Malt 

50 i 

990 

Flame propagated rapidly. 

47 

Cocoa 

100 

970 

Flame propagated rapidly. 

48 

Mustard 

50 

1050 

— 

49 

Shoddy 

Could not be sieved. 

— 

No cloud could be formed. 

51 

Flour 

90 

1060 

— 

52 

Brush carbon . . 

100 

— 

No ignition. 

53 

Maize 

70 

1010 

— 

54 

Shellac com- 
position. 

100 

— 

No ignition; a few sparks 
only. 

55 

Gramophone 

record. 

100 

1100 

— 

56 

Copal gum .... 

70 

1010 

Flame propagated rapidly. 

57 

Charcoal 

90 

— 

No ignition; a few sparks 
only. 

58 

Coal (foundry 
blacking). 

70 


No ignition; a few sparks 
only. 

59 

Stale coke 

70 

— 

No ignition. 

60 

Plumbago 

95 

— 

No ignition. 

61 

Bone meal 

40 

— 

No ignition; a few sparks 
only. 

No ignition. 

62 

Bone charcoal. . 

100 

— 

63 

Cornflour 

90 

1060 

— 

64 

“Dead” cork. . . 

100 

1100' 

— 

65 

Mineral and 

ivory black. 

100 

— 

No ignition. 


These determinations definitely class dusts Nos. 4, 12, 18, 28, 34, 37, 
43, 52, 59, 60, 62, 65 and 66 as harmless dusts, and Nos. 1, 2, 3, 8, 9, 
10, 11, 13, 14, 15, 24, 25, 27, 31, 32, 33, 35, 36, 39, 40, 41, 42, 44, 45, 
46, 47, 48, 51, 53, 55, 56, 63, and 64 as more or less dangerous, but they 
leave others doubtful. 
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The second test, to determine the lowest temperature of ignition of 
the various dusts, was made by allowing a cloud of dust to fall through 
a small glass tube heated to a definite temperature, and in which was 
a small roll of copper gauze. The following determinations (Table II) 
were then made, the figures indicating the lowest temperatures at which 
flame appeared at the lower end of the porcelain tube. In a separate 
column the percentages of incombustible matter present in each dust are 
given. 


TABLE IL 

Lowest Ignition Temperatures for Various Dusts When Cloud Is Heated 

Instantaneously. 


Lab- 

oratory- 

Index 

No. 

(1) 

1 Substance. 

(2) 

Lowest 

Ignition-T emperature 

oC. 

(3) 

Percentage of 
Incombustible 
Matter. 

(4) 

1 

Dextrine (calcined farina) . 

540 

4.2 

2 

Cork 

620 

0.6 

3 

Wood flour 

610 

3.2 

4 

Lamp black 

No ignition could be obtained. . . . 

— 

5 

Cotton seed 

No cloud could be formed 

7.4 

6 

Cotton seed and soya bean. 

No cloud could be formed 

60.5 

7 

Cotton seed 

No cloud could be formed 

26.3 

8 

j Compound cake 

620 

9.3 

9 

Rice meal and sugar refuse. 

630 

8.1 

10 

Rape seed 

650 

No dust for 




analysis. 

11 

Unextracted soya bean.. . . 

630 

12.5 

12 

Rape seed (Russian) 

A few sparks only, obtained at 

72.8 



temperatures above 640® C. 


13 

Extracted soya bean 

630 

12.5 

14 

Castor oil meal 

655 

23.1 

15 

Grain (flour mill) 

630 

18.2 

16 

Tobacco 

680 Very small flame 

21.0 

17 

Organic ammonia 

690 Very small flame. 

12.5 

18 

Retort carbon 

No ignition could be obtained. . . . 

4.4 

19 

Spice milling 

680 Very small flame 

29.9 

20 1 

Drug grinding 

690 Very small flame 

8.8 

21 

Drug grinding 

680 Very small flame 

58.7 

22 

Drug grinding 

690 Very small flame 

21.3 

23 

Tobacco 

700 Very small flame 

31.6 

24 

Leather 

740 

14.3 

25 

Sawdust 

635 

3.9 

26 

Grist milling 

600 

7.8 

27 

Oil cake 

660 

27.3 

28 

Sack cleaning 

No ignition could be obtained. . . . 

74.6 

29 

Rice milling 

630 

4.2 

30 

Cocoanut oil milling 

640 

5.8 

31 

Offal grinding (bran) 

640 

30.0 

32 

Tea 

640 

8.3 

33 

Sugar 

540 

1.4 

34 

Blacking 

No ignition could be obtained. . . . 

60.4 

35 

Grain (grain storage) 

630 

10.5 

36 

Starch 

640 

1.5 

37 

Grain cleaning 

Not tested; dust much too coarse. 

8.9 
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TABLE II — Continued 


Lab- 

oratory 

Index 

No. 

(1) 

Substance. 

(2) 

Lowest 

I gnition-T emperature 
oC. 

(3) 

Percentage of 
Incombustible 
Matter. 

(4) 

38 

Horn meal 

670 

5 .3 

39 

Oat husk 

620 

13.4 

40 

Cork 

630 

1.7 

41 

Cork 

690 

2.5 

42 

Starch 

630 

0.4 

43 

Foundry blacking 

810 Small flame 

10.5 

44 

Briquette 

800 Small flame 

9.9 

45 

Chicory 

660 

7.5 

46 

Malt 

600 

11.7 

47 

Cocoa 

620 

8.1 

48 

Mustard 

680 

5.1 

49 

Shoddy 

690 

15.8 

50 

Shoddy 

610 

15.9 

51 

Flour 

650 

1.5 

52 

Brush carbon 

No ignition could be obtained. . . . 

15.2 

53 

Maize 

645 

8.0 

54 

Shellac composition 

780 Small flame. ... 

61.4 

55 

Gramophone record 

750 Small flame 

32.8 

56 

Copal gum 

750 

1.8 

57 

Charcoal 

760 Small flame 

10.4 

58 

Coal (foundry blacking).. . 

830 Small flame 

21.4 

59 

Stale coke 

No ignition could be obtained. . . . 

39.7 

60 

Plumbago 

No ignition could be obtained. . . . 

78.2 

61 

Bone meal 

700 

48.0 

62 

Bone charcoal 

No ignition could be obtained. . . . 

77.0 

63 

Cornflour 

620 

0.9 

64 

“Dead’' cork 

740 

11.6 

65 

Mineral and ivory black. . . 

No ignition could be obtained. . . . 

23.5 

66 

Mineral and ivory black. . . 

No ignition could be obtained. . . . 

32.0 


These tests again class dusts Nos. 4, 12, 18, 28, 34, 37, 52, 59, 60, 
62, 65 and 66 as harmless. To these may be added Nos. 5, 6, 7, 16, 17, 
19, 20, 21, 22, 23, 43 and 57 ; for, just as Test No. 1 showed that no 
propagation of flame through the dust-cloud could be obtained with these 
dusts, so in Test No. 2 the flame obtained (at a considerably higher tem- 
perature than was required for the remainder of the dusts) was very 
small and showed no tendency to spread through the dust cloud. At the 
same time it should be noted that this judgment refers only to the par- 
ticular samples of dust received, and does not necessarily hold for all 
samples of the same materials. 

In the early investigations of the Bureau of Mines^ a method- was 


^ Bureau of Mines Bulls., 50 and 102. 

^Description of apparatus used by the Bureau of Mines. 

The apparatus is shown in figure 5 . It consists essentially of an explosion 
flask a, the platinum coil i, and devices for putting the dust in suspension and for 
measuring the pressure developed in a. The flask a, which has a capacity of 1600 
cc., is provided with large tubulures at its top and bottom ; the ends of these 
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developed in which a cloud of dust was blown up into a glass globe and 
against a heated coil of platinum wire. The dust was ignited and the 
pressure generated was determined by finding the weight of mercury 
which would just be raised by the explosion of a definite weight of the 
dust. A large number of samples of coal were tested as well as a few 
samples of other dusts. Some of the results are given in Table III. They 
show in the reverse order the relative danger of the various dusts. It 


tubulures are ground true on a glass plate with emery powder. Experience 

indicates that a flask with a capacity of about 1,250 cc. would probably be 

preferable. The brass plate k, which rests on the end of the top tubulure, carries 
the platinum coil i, and the brass tube m. The brass plate c, on which a rests, 
carries the small glass funnel b, which is cemented gas-tight into c. The contact 
between the ends of a and the brass plates k and c is made gas-tight by wide 
rubber bands which are placed around the ends of each tubulure and left pro- 
jecting a short distance. The contraction of the rubber draws the projecting 
portion down on the ends, forming a rubber cushion between the ends of the 

tubulures and the brass plates, and by screwing down the nuts above the steel 

piece the joints at these points are made tight. The platinum coil i is sus- 



M 



Fig. 5. 

Inflammability Apparatus Diagram. 

pended near the center of a by the two stout nickel leads jj j, which pass through 
fibre plugs in k. The coil i is made of about 100 cm. of No. 26 platinum wire, 
wound _ on a quartz-glass frame, which is attached as described above to the 
leads y, y. The steel ball n is ground to fit practically gas tight on top of m, 
which is soldered to k and communicates with a. 

The dust to be investigated is weighed into the glass funnel b and at each 
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will be noted that most of the coal dusts are less inflammable than the 
Other dusts, and that the most inflammable of all is lycopodium. 

The Bureau of Mines and also experiment stations in other countries 
have made a great number of large-scale tests on coal dusts, either in 
large steel galleries or in experimental mines. These tests require much 
time and large quantities of dust. Consequently, to make it possible to 
test smaller samples and a larger number in a short time, attempts have 



PLATE I. 

Inflammability Apparatus as set up in the Laboratory. 


been made to develop a laboratory method which would be sufficiently 
sensitive to test all types of coal dusts and with which it would be possible 
to obtain some idea of what might be expected if the dusts were tested in 
the mine. 


trial is brought to about the same position in the .stem of the funnel, which is 
then connected by means of a short rubber tube to the 150-cc. glass bulb d. By 
means of the compression bulb, p, the air in d is compressed until a pressure of 
150 mm. of mercury is indicated by the manometer h. At the proper instant 
the dust in h is ejected and put in suspension in a by suddenly opening the 
pinch-cock e. In order to insure a more uniform dissemination of the dust in 
a, b is covered with a small piece of 18-mesh copper gauze. By blowing the dust 
through the gauze the adhering particles are more completely separated and the 
density of the dust cloud in a is rendered more uniform. It has been found 
inadvisable to use the gauze on b, except with samples of coal dust. The pressure 
developed in a -is determined by ascertaining by several trials the smallest weight 
that must be placed on n to prevent its being lifted from m. 


Chemical analysis (air-dried) Weight lifted at different current strengths. 

_ . . Vola- Inflain- I 

Description. Mois- tile Fixed ^sh ^ul- Oxy- Nitro- mabil- 5.0 | 5.5 6.0 6.5 7.0 

ture. matter, carbon. * phur. gen. gen. ity.a am peres.i amperes, amperes, amperes, amperes. 
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The Bureau of Mines^, in later tests, developed a laboratory method- 
which is capable of measuring the inflammability of the least inflammable 
dusts that will propagate an explosion in the experimental mine. A rela- 

^ Technical Paper 141. 

“The apparatus used by the Bureau of Mines is shown in Figure 6, and in 
Plate I. The essential features are the explosion globe a, the igniting tube &. the 
pressure recording device c, the lifting device d, and auxiliary devices for meas- 
uring the temperature of the igniting tube and for throwing the dust into sus- 
pension. 

The explosion globe, capacity 1,400 cc., is fitted with tubulures at its top and 
bottom. The lower tubulure is provided with a rubber gasket, and the upper 



Fig. 6. 

Bureau af Mines Inflammability Apparatus. 

tubulure presses against a rubber gasket cemented to the head of the apparatus. 
The joints at the top and bottom of the globe are made gas-tight by screwing down 
the thumb nuts e. 

The glass dust injector f is the receptacle for the coal dust and is provided 
with a cap of 14-mesh copper gauze, not shown in the figure. The dust is raised 
in a cloud by a puff of oxygen. 

The oxygen is drawn from a steel cylinder and the puff is controlled by 
means of a manometer the reservoir h, and the releasing device i. The rapidity 
with which the oxygen forces the dust out of the injection funnel is regulated 
by a capillary tube, 2 mm. in diameter and 6 cm. long, inserted between the 
releasing device and the injection funnel. 
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tion has been established between the results of the tests on a large scale 
at the experimental mine and the results of the laboratory tests, so that 
it is now possible to determine from the latter alone whether or not a 

The igniting tube consists of a hardened “lavite” tube on which is wound 
a heating coil of 0.23 mm. platinum wire, 40 turns to the inch, enclosed in a 
platinum tube made of 0.1 mm. sheet platinum. On the surface of the 'lavite’" 
tube is cut a suitable spiral groove in which the platinum wire is wound. The 
wire is insulated from the platinum tube by a layer of alundum cement which is 
baked on. The igniting tube is held in place by platinum leads of 0.4 mm. 
diameter which are fused to the ends of the heating coil and secured in the bind- 
ing posts at the lower extremities of the steel leads j. 

The temperature of the platinum tube is measured by a platinum and platinum- 
rhodium thermo-couple and a Siemens & Halske millivoltmeter. The ends of 
the platinum and platinum-rhodium wires, instead of being fused together in the 
usual manner to form the hot junction, are attached separately to the platinum 
tube; the platinum-rhodium wire at the middle of the tube and on the front side; 
the platinum wire about 3 mm. to one side of the platinum-rhodium wire. The 
i point of contact of the platinum-rhodium wire with the platinum tube is therefore 

I the hot junction of the couple. To reduce to a minimum the loss of heat from 

' the tube by conduction along the wires, the ends are drawn down to a diameter 

of 0.15 mm. The thermo-couple^ and millivoltmeter were calibrated, and the 
error of temperature measurement is less than 10“ C. 

The pressure developed by the explosion is measured by a Crosby gas and 
steam engine indicator. Inasmuch as only the maximum pressure is desired, 
i the drum is ordinarily not rotated. Preliminary experiments in which the drum 

; ’ was rotated at a speed of 140 to 200 revolutions per minute showed that the 

inertia of the moving parts was not great enough to prevent the gage from 
correctly indicating the pressure developed. The pressure curve rose rapidly to 
a maximum from which it dropped very slowly. 

For experiments in an atmosphere containing a small percentage of corn- 
. bustible gas a base plate, provided with a brass tube k (fig. 6) for introducing 

I the combustible gas, is used. The gas enters the bulb through eight small holes 

j in the wall of the circular part of the tube. 

I Method of Operation. A weighed quantity of the dust to be tested is poured 

I into the glass funnel f (fig. 6) and by tapping is brought into position in the 
funnel stem. The apparatus is then connected as shown in Figure 6 and a current 
of two amperes taken from a storage battery is passed through the heating coil 
for one minute, after which the current is increased so as to obtain the desired 
temperature and continued for four minutes. The pressure of the oxygen in 
reservoir h is adjusted to 15 or 20 cm. of mercury, according to the quantity 
j of dust to be used. 

• At the end of the five-minute period the vent in the head at the top of the 

explosion flask is closed with a spring clip, the rubber tube leading into the 
oxygen reservoir is closed immediately at the entrance of the reservoir by means 
of a pinch cock, and then the piston of the releasing device is allowed to spring 
up. A touch on the lever at the right of the piston permits this action. The 
dust is injected into the explosion globe and isl ignited by contact with the 
igniting element. 

In regular work two explosion globes are employed. While one is used in a 
test, the other is blown out with a blast of air, which renews the atmosphere in 
the globe and cools the globe itself. 

The pressure shown by the Crosby indicator is corrected for the increase due 
to the injected oxygen by deducting the pressure observed when no dust is used. 
The pressure reported is always the average of at least three determinations. 

The pressures developed vary from a few tenths of a pound with anthracite 
or with dust very high in ash, to 20 pounds with sub-bituminous coals. Coals of 
the Pocahontas type give pressures varying from 6 to 10 pounds, and the typical 
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given dust may give rise to or propagate explosions. The apparatus is 
similar in some ways to the one first developed in that the dust is injected 
as a cloud up into a glass globe against a heated coil, and the pressure 
developed by the ignition is measured. However, instead of air, oxygen 
is used to inject the dust into the globe, and the pressure developed is 
measured by a standard type of steam-pressure gauge. The apparatus is 
also adaptable for testing the inflammability of the dusts in atmospheres 
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ble the dust. A few 
typical results se- 
lected at random 
are given in Table 
IV. 


It will be noted that some of these dusts closely resemble the coal dusts 


Pennsylvania bituminous coals, such as those of the Pittsburgh bed, give pressures 
of 11 to 15 pounds. 

The maximum difference between individual determination on the same sample 
of dust is usually not over 2 pounds for dusts that develop 10 to 15 pounds 
pressure. Averages determined by different observers or by the same observer 
on different days agree ordinarily within 0.5 pound. The greater the deviation 
between individual observations the larger the number of determinations required. 

Usually the quantity of dust used in an experiment is 100 mg. For dusts of 
low inflammability the amount is 300 mg. With the former quantity of dust the 
pressure of the oxygen used to eject the dust is 15 cm. and with the latter 
quantity 20 cm. of mercury. Unless otherwise stated, the tests recorded are made 
with 200-mesh air-dried samples. 

When tests are to be made with a small percentage of combustible gas present 
in the bulb, the igniting element is raised above the top of the bulb and heated 
to the proper temperature. The top tubulure is closed and a measured volume 
of gas introduced into the bulb. At the close of the five minute interval the 
head of the apparatus is quickly lowered and fixed in position and the diust 
injected into the globe. As this operation consumes not over five seconds, the 
composition of the gas is not appreciably changed before the dust is injected. 
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given in Table III, and tested by the former method. A comparison of the 
methods can be made by a study of these results. The dusts stand in 
about the same order, indicating that both methods classify the dusts 
similarly. The advantages of the latter method are that it is more con- 
venient and accurate and that it has a wider range. 

The effect of the presence of small amounts of inflammable gas is 
shown in Figure 7. It will be noted here that its effect upon the inflam- 
mability of the dust depends largely upon the condition of the dust. It 
should not be considered, however, that all of this difference is due to the 
effect of the gas, since one sample contains only dust that will pass 
through a 200-mesh sieve while the other contains some (the percentage 
is not specified) larger particles. Some of the difference in pressure may 
be attributed to this fact. This will be discussed later in this chapter. 

As all of these methods except the last, which was in process of devel- 
opment, were available at the time the investigation of dust explosions 
other than coal dust was started, an attempt was made to utilize either 
the methods themselves or modifications of them. However, those of 
Taffanel and of Wheeler, which seemed the most promising, were dis- 
carded after several tests as unsatisfactory for what was desired. Al- 
though the tests made with the Bureau of Mines apparatus gave promise, 
the results were not altogether satisfactory. Consequently experiments 
were started which led to the development of a method very similar to 
that finally adopted by the Bureau of Mines for testing coal dusts, the 
chief differences, outside of a few minor ones in construction of ap- 
paratus’-, being that only 75 mg. of dust are used and that this is injected 
into the apparatus by means of air instead of oxygen, the air being at 20’ 
cm. of mercury pressure. 

This method was used in testing the relative inflammability of a large 
number of dusts other than coal dust. The results, as given in Table V, 
show that the most inflammable dust is the one which gives the highest 
pressure, the relative danger decreasing somewhat with the decreasing 
pressure. 


^The conditions of apparatus and test as used for determining the relative 
inflammability of dusts other than coal are as follows: Temperature 1200“ C., 
capillary 6 cm. long and 2.0 mm. bore; air under 20 cm. pressure; no one-way 
valve between the air reservoir and the explosion flask, but a pinch-cock back of 
the air reservoir; 75 mg. of material; a coarse screen (14-mesh) over the funnel 
except when very fibrous dust is tested when no screen is used ; and a funnel 
4.0 mm. internal diameter, with a bowl in. deep and % in. across at the top, 
and the bend in the funnel being at a right-angle ^ in. below the bowl and 
having a small wire screen inside and just back of the bend. 

The same type of apparatus as shown in Figure 6 and Plate I, except in the 
construction of the funnel, is used in testing both the coal and other dust. The 
difference in conducting the tests consists in using 75 mg. of dust instead of 
100 or 300 mg., and this dust is blown into the explosion flask by air under 20 
cm, of mercury pressure instead of by oxygen at 15 or 20 cm. pressure of mer- 
cury, depending upon the amount of dust used. 
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TABLE V. 

Inflammability of Carbonaceous Dusts. 
(Arranged in approximate order of inflammability.) 


Pressure Generated 

KIND OF DUST^ Pounds per Square Inch 


Lycopodium^ 17.5 

Stinking smut of wheat" 15.9 

Yellow corn dust from first break in dry milling" 15.2 

Dextrine dust .from dextrine kiln” 14.6 

Powdered wheat starch" 14.0 

Stinking smut of wheat with wheat dust" 13.9 

White dextrine" 13.9 

Starch dust (coni) dry starch kilns" 13.8 

Canary dextrine" 13.8 

Tan bark dust 13.3 

Powdered cornstarch" 13.2 

Wheat starch" 13.1 

Finished dextrine from reels 13.1 

Starch and dextrine dust from about tray filler* 13.0 

Wheat elevator dust, side w^all 13.0 

Dextrine dust from top of reels and mixer* 12.8 

Wood dust from chipper room 12.8 

Durum wheat dust from side walls and floor of bin 12.8 

Flour dust from roll cyclone 12.7 

Tailings from cornstarch mill 12.7 

Oat and corn dust from unloading station 12.6 

Wheat dust from first break roll 12.6 

Lump cornstarch pulverized to pass 200-mesh* 12.5 

White corn dust, top of elevator* 12.5 

Wheat elevator dust 12.5 

Alkaline starch dust from reel 12.5 

Acid starch from reels 12.5 

Oat and corn dust, top of elevator 12.4 

Wheat dust from first separator 12.4 

Starch dust from ledges in grinding and reel room 12.4 

Oat dust from ground oat hulls* 12.3 . 

Sugar, lump pulverized to pass 200-mesh* 12.2 

Gluten feed dust, from beams, etc., in curing room* 12.1 

Rye dust on top of scourer 12.1 

Dust from roll dust collectors 12.1 

Dust from first break roll in rye mill 12.1 

Oat dust from feed oats 12.0 

Wheat dust from basement near outlet spouts of bins 12.0 

Wheat and oat dust from elevator 12.0 

Dust from bran machine after washing and tempering wheat 12.0 

Sugar dust collected in cooling bins 12.0 

Flour dust from roll suction 11.9 

Dust from linseed meal 11.9 

Dust from grinding wheat screenings 11.9 

Barley malt flour from first break rolls 11.9 

Dark canary dextrine* H.g 

Feed dust from dust collector 11,8 

Dust from under first break flour rolls 11.8 

Sugar dust from bins _ 11.8 

Sugar dust from cooling bins above sugar bins 11.8 

Potato flour* 11.7 

Sugar dust from sugar pulverizer* 11.7 
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Pressure Generated 

KIND OF DUSTi Pounds per Square Inch 


Feed dust from floor 11.7 

Linseed meal, fine 11.7 

Sugar dust from collector from sugar bins 11.6 

Dust from middling purifiers 11.5 

Composite dust from purifiers 11.5 

Wheat elevator dust from beams and rafters on bin floor 11.5 

Rice starch"'^ 11.3 

Dust in bolters 11.3 

Wheat flour from packing room 11.2 

Dust from dust collector from second scourer 11.2 

Flour dust from fifth break rolls 11.2 

Wheat dust from first scourer 11.2 

Flour dust from under collector from rolls 11.2 

Dust from cleaning wheat and barley 11.1 

Powdered wheat starch“ 11.0 

Corn elevator dust 11.0 

Rye dust from suction from elevator head 11.0 

Dust from conveying cooked wheat cereal 11.0 

Dust from grinding cooked wheat and barley cereal 11.0 

Dust from conveying cooked corn flakes 10.8 

Wheat dust 10.7 

Malt dust from discharge of collecting system" 10.6 

Wheat dust from cyclone collector 10.6 

Wheat flour dust, rolls and purifiers" 10.5 

Fertilizer dust, from grinding dry tankage 10.5 

Dust from collector from handling cooked cereal 10.5 

AVheat dust from second scouring 10.5 

Wheat dust from third scouring 10.5 

Dust from collector from grinding wheat screenings 10.5 

Tapioca flour" 10.4 

Sugar dust, collector from powder mills^ 10.3 

Barley and wheat flour dust, mixed 10.3 

Wheat, corn and rice flour, mixed 10.3 

Rye dust from inside second break rolls 10.2 

Pittsburgh standard coal dust" 10.1 

Rice polish from polisher 10.1 

Tan bark dusP 10.0 

Dust from unloading wheat 10.0 

Dust from bins in starch receiving room 10.0 

Dust from pipes in lump starch grinding room 10.0 

Tapioca flour" 9.9 

Cocoa dust from cocoa bolters" 9.9 

Rice meal from toasted rice flakes 9.9 

Dust from roasted wheat 9.9 

Dust from dust collector in dextrine cooker room 9.9 

Wheat dust from separators . .^ 9.7 

Sugar dust from ledges near drier 9.5 

Reduction middlings^ 9.4 

Dust from feed bins 9.4 

Wheat flour from packing room" 9.3 

Rice polish dust from collector around polisher 9.3 

Dust from dextrine cooker room 9.3 

Cocoa dust from cocoa cooling room" 9.1 

Dust from conveying uncooked rice flakes 9.1 

Dust from uncooked corn flakes 9.1 

Rice starch^ - 9.0 

Dust from handling flax 9.0 
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Pressure Generated 

KIND OF DUSTi Pounds per Square Inch 


Wheat dust from cyclone collector 9.0 

Wheat dust from tripper of conveyor 9.0 

Barley dust from screenings 9.0 

Dust from ledges, lump starch 9.0 

Malt dust from elevator 8.9 

Dust from roasted bran 8.9 

Rice dust from cyclone from polisher 8.9 

Extra fine sulphur flour" . 8.8 

Wheat smut and field dust" 8.8 

Wheat screenings from first screen 8.8 

Wheat screenings from second screen 8.7 

Rice bran dust 8.7 

Wheat dust from top of elevator 8.6 

Wheat dust from cyclone dust collector 8.6 

Dust from cooked wheat and barley cereal 8.5 

Dust from cereal coffee 8.5 

Wheat and barley dust from cleaning room^ 8.1 

Starch dust from shakers 8.1 

Barley dust 8.0 

Wheat screenings separating trash, oats and seed 8.0 

Rice dust from cleaning . _. 7.9 

Barley dust from first screenings, wind separation’ ...... 7.5 

Winter and durum wheat' dust 7.5 

^ Ground cork dust^ 7.4 

Rice dust 7.1 

Oat elevator dust 7.1 

Cooked white corn dust 7.1 

Powdered milk 7.1 

Wheat elevator dust from receiving separator . 7.0 

Dextrine dust from bins in reel room 6.5 

Barley dust in cleaning barley 6.3 

Cooked white corn dust 6.1 

Barley dust from dust house 6.1 

Alfalfa dust 6.0 

Rice flour^ 5.6 

Barley dust from elevator floors 5.5 

Wheat elevator dust from conveyor belt 5.0 

Barley dust from dust house 4.9 

Rice dust from shaker 4.8 

Rice dust from bins above cyclone from receiving aspirator 4.8 

Alfalfa dust 4.3 

Arrow-root powder 3.9 

Rice dust from clippers 3.9 

Chaircoal dust as received 3.6 

Potato starch 3.2 

Flax dust from cleaning flax 3.2 

Gelatine dust from elevator i 1.1 


^A.11 of the samples were run through a 200-mesh screen except as designated. 
^Unscreened. 

®100-mesh screen. 


These results cannot be considered as absolute, that is, as showing that 
the order as given here is the exact order of the ease with which these 
dusts will ignite. It is, however, the order of inflammability as given 
under the conditions used in the tests. A change of any of the conditions 
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might increase the pressure given by some, while it would decrease the 
pressure given by others. This is clearly brought out by tests made upon 
some of the same dusts during the development of this method but under 
somewhat different conditions. A comparison is shown in Table VI. 

It will be noted that the dusts do not stand in the same order of in- 
flammability in the second column as in the first, and that the differences 
in the third column are even more marked. For instance, dark canary 
dextrine, which stands seventh in the first column, is third in order of 
inflammability in the second column, and is fifth in the third column ; 
while stinking smut of wheat, which is first in both the first and second 
columns, is last in the third column. It is hard to state, in the light pf 
our present knowledge just what these differences mean, except that the 
dust is more easily ignited at the temperature and under the conditions 
of the tests. The position of stinking smut of wheat in the last column 
is confusing when the fact is considered that it was possible to ignite it 


TABLE VI. 

Effect of Ignition Temperatures on Inflammability. 



Pressure, pounds per 

square incli. 

Kind of Dust. 

Standard 

method. 

Modified method 


1200® C. 

1200° ( 

800° C. 

Stinking smut of wheat 

... 15.9 

21.4 

0.6 

White dextrine 

... 13.9 

15.5 

7.6 

Canary dextrine 

... 13.8 

14.9 

7.9 

Wheat starch 

... 13.1 

14.1 

8.5 

Cornstarch 

... 12.7 

12.6 

6.7 

Sugar, lump pulverized to pass 200-mcsh. 

. . 12.2 

13.0 

7.5 

Dark canary dextrine 

... 11.8 

15.1 

7.3 

Potato flour 

... 11.7 

10.4 

6.2 

Rice starch 

... 11.3 

12.3 

5.3 


with a very small source of ignition. (See chapter on Static Electricity, 
and on Thresher Explosions.) Just what difference a few pounds in 
pressure in the vicinity of 10-15 pounds means cannot be explained satis- 
factorily with the limited facts available. It cannot be said that a dust 
giving 15 pounds pressure in the tests is really more dangerous than a 
dust which gives only 12 pounds, but it would be most reasonable to 
expect that a dust which gives only 9-10 pounds pressure is not as easily 
ignited as a dust that will give a pressure of around 15 pounds. 

It will be noticed, also, that Pitt.sburgh standard coal dust appears in 
Table V with a pressure of 10.1 pounds. .This same dust gave 13.6 
pounds pressure under the conditions of the Bureau of Mines tests, and 
it is considered to be one of the more inflammable coal dusts. The dif- 
ference is due largely to the use of oxygen instead of air in injecting the 
dust into the explosion flask or globe. Many other dusts can be classified 
as more inflammable than Pittsburgh coal dust, and a number are less 
inflammable. However, these are only the results for the samples tested, 
"^and it is possible that others from the same place in the mill, taken ai 

9G2 

GIA-83P 
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another time and under slightly different operating conditions, would be 
much more inflammable. For instance, one sample of rice starch gave 
11.3 pounds pressure while another sample of the same material from an- 
other source gave only 9.0 pounds pressure. Consequently, it may be 
considered that practically all of these dusts have, or under some conditions 
may have, a high degree of inflammability, and that a dangerous condition 
exists where a cloud of any one of them is in suspension, or where it may 
be easily thrown into suspension. The relative degree of danger is ap- 
proximately in the order shown in Table V. 

Believing that large-scale tests more closely represent what might be 
expected in actual operating conditions and desiring to simulate these 
conditions as nearly as possible, the Bureau of Mines for some time has 
been working upon the development of a small gallery for making lab- 
oratory tests. One gallery which has been used is shown in F'igure 8. 
It is constructed of wood and is 14 feet long and six inches square inside. 
A dust cloud is formed in the gallery^ and then ignited at one end by 
firing a small amount of loose black powder at the closed end. The 
propagation of the flame was observed through observation windows at 
the side but it was shown more accurately by placing small pieces of gun 
cotton on both the roof and floor of the gallery at one- foot intervals, the 
first being 6 inches inside the open end. As the flame reached the cotton, 
it was ignited, and the number of pieces left unburned showed how far the 
flame had propagated. 

This apparatus was used to test several different carbonaceous dusts, 
separately and also when mixed with the inert shale dust. 

The results of these tests are shown in Table VII. It will be noted 
that mixtures of 40 per cent flour and 60 per cent shale, of 30 per cent 
starch and 70 per cent shale, of 30 per cent rice flour and 70 per cent shale, 
of 20 per cent sulphur and 80 per cent shale, and 80 per cent of one 
wheat dust and 60 of another, with the balance shale dust, gave results 
similar to those obtained with coal dust. With slightly higher percentages 
of shale than these no propagation was obtained. Some dusts, as for 
instance alfalfa and flax, which on account of their coarseness could not 
be tested in the ordinary laboratory apparatus, were easily ignited in these 
tests. A sample of potato starch which showed negative results in the 
laboratory apparatus gave a very forceful explosion in the small gallery. 


^ In Figure 8 a cross section of the gallery is shown, with an opening in the 
bottom, into which the dust was placed on the metal disc. The top of the 
opening was covered with a screen to spread the dust as it was forced up into 
the gallery. The metal disc rested on the top of a %-inch pipe which extended 
3 inches below the bottom of the gallery and was welded into a iMj-inch pipe 
extending the length of the gallery. It was closed at one end and had a small 
cannon attached at the other. There were 14 of these holes, a foot apart, along 
the bottom of the gallery. Four grams of tjhe dust were placed in each hole, or 
a total charge of 56 grams. The percussion and pressure in the pipe from the 
discharge of the small cannon forced the dust into the gallery, while the small discs 
stopped the passage of any flame from the discharging powder into the gallery. 
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TABLE VII. 

INFLAMMABILITY OF DUSTS AS TESTED IN HORIZONTAL EXPLOSION GALLERY. 


Test' 

No 


15 


53 


59 


Shale dust . 
Shale 


Material.® 


23 

25 

26 
29 

8 

16 

14 

17 
20 

18 
21 

30 
19 
22 

31 
28 

32 


37 

38 


41 

39 


Loose 
igniting 
Gallery. powder 
in 

grams. 


Nothing 

Pure 200-m. std. 
Pitts, coal. 

75 % coal 

25% shale 

60 % coal 

40% shale 

60 % coal 

40% shale 

85 % std. coal. . . . 

15% shale 

Flour 


Open at end . 

Open at end . . | 

Open at end . . 
Open at end - 

Open at end . . 

Open at end . . 

Board with 4" 
hole on end.| 
Open at end . . 

Open at end . . 


Flame or gun cottons 
left. 




30% shale. . . 

70% flour. . . 

40% shale. . . 

60 % flour . . . 

40% shale. . . 

60% flour. . . 

50% flour. . . 

50% shale. . . 

50% flour. . . 

50% shale. . . 

50% flour. . , 

50% shale. . , 

50% flour . . , 

50% shale. . 

40% flour. . 

60 % shale . . 

40% flour. . 

60% shale. . 

40 % flour . . 

60% shale, . 

30% flour. . 

70% shale. . 

60 % starch . 

40% shale. . 

50% starch. 

50% shale. . 

50% starch. 

50% shale. . 

40% starch. 

60% shale. . 

40% starch. 

60% shale. . 

40 % starch . 

60% shale. . 

30% starch. 

70% shale. . 

30% starch, 

70% shale. . 

30% starch 
70% shale., 

20 % starch 

80% shale J 

20% starch \ 

80% shale / 

Pure starch* 

Potato starch 2 8- A . 
Rice dust No, 1, 50% 
50% shale. 

Rice flour, pure, 30-A. 


Open at end . . 
Open at end . . 
Open at end . . 
Open at end . . 
Open at end . . 
Open at end . . 
Open at end. . 


10 gms.| 

8 gms. 

8 gms.l 
5 gms. 

10 gms. 

10 gms.| 

10 gms.| 

8 gms. 

10 gms. 


Remarks. 


(6 g. c. on top . . . 

\5 g. c. on bottom 
All of 6 gun cottons! 
left. 

5 g. c. top and bottom. 

i 2 g. c. on top .... 1 
2 g. c. on bottom J 
No flame visible \ 

g. c. gone J 

2 g. c. left 


Shots^ 
time 
[interval 

I 

seconds 


r3 g. c. on top. . • • I 
\6 g. c. on bottom J 
2 g. c. top and bottom, 

Flame not through. . . 


Standard . 


70% rice flour. 
30% shale. . . . 
160% rice flour. 

40% shale 

40 % rice flour. 
60% shale. . . . 


Board with 4' 
hole on end. 
Open at end . . 

Open at end . . 

Open at end . . 

Open at end , . 

Open at end , . 

Board with 4" 
hole on end. 
Board with 4" 
hole on end. 
Open at end . 

Open at end . . 

Open at end . . 

Ope* at end . . 

Open at end . . 

Open at end . . 

Open at end. . 

Open at end . . 
Open at end . . 
Open at end . . 

Open at end . . 

Open at end . , 

Open at end . . 

Open at end . . 


Through 

2 g. c. left 

Through 

1 g. c. left 

2 g. c. left 

Through 

Flame just out end. 

(5 g. c. on top. . . . 
\6 g. c. on bottom 
/Flame just out. . . 
U g. c. on bottom 
(2 g. c. on top . . . . 
\3 g. c. on bottom 
f4 g. c. on top .... 
I 4 g. c. on bottom 
i^ay out 


Did not dust 

(5 gms. of powder used 
in raising dust cloud) 


1 g. shot missed fire. 
Fired later 


Like coal . 


Way out end 

f2 g. c. on top . . . . \ 
\3 g. c. on bottom j 
/2 g. c. on top . . . . \ 
\3 g. c. on bottom J 
Flame way out end . . . 


Flame way out end . 
Flame way out end . 


2 g. c. on top . . . . 
2 g. c. on bottom 
1 g. c. on top . . . , 
T g. c. on bottom 
Flame way out end . 


5 gms.; 
5 gms. 
5 gras 

5 gms.' 

5 gms. 

5 gms.] 

5 gms. 


I 5 g. c. bottom 


, 5 g. c. top 
h'lame way out 
Way out 




Like coal. 
Like coal. 


3 g. c. on top .... 1 

4 g. c. on bottom J 
'2 g. c. on top .... I 
T g. c. on bottom J 

Flame 4' out 


(2 g. c. on top .... I 
\2 g. c. on bottom / 


Flame out end . 


Like coal 

Like coal ; did 
dust well. 


Like coal 

Like coal ; did 
dnpt well. 


not 


3s 

3 s 

3s 

3s 

3 s 

3s 

3s 

3s 

2 s 

2 s 
2 s 
15 s 

2 s 
1 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3 s 

3s 

3 s 
3 s 
3 s 

3 s 

3 s 

3 s 

3 s 
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TABLE VII — Continued 


Test 

No. 

Material. 2 

Gallery. 

Loose 

igniting 

powder 

in 

grams. 

Flame or gun cottons 
left. 

Remarks. 

Shots 1 
time 
interval 
in 

seconds 

55 




2 g. c. top and bottom. 

Like coal 

3 s 

33 

70% shale J 

Cyclone rice dust . . 

Open at end . . 

5 gms. 

2 g. c. on top 

Like coal; holes not 

3 s 






emptied. 


34 

Cyclone rice dust . , . 


5 gms. 



3 s 

screens. 




40 

No. 7 200-m. rice 

Open at end . . 

5 gms. 

Flame out end 

Like coal; did not 

3 s 


dust. 




dust well. 


42 

No. 8 200-m. rice 

Open at end . . 

5 gms. 

f2 g. c. on top .... 1 

Like coal 

3 s 


dust. 



\3 g. c. on bottom J 



35 

Alfalfa No. 1. pure . . 

Open at end . . 

5 gms. 

f 1 g. c. on top .... 1 

Like coal 

•3 s 





g. c. on bottom J 



43 

Misc. 5510 alfalfa 


5 gms. 

3 g. c. on top 

Not Quite as inf. as 

3 s 


meal. 



coal. 


44 



10 gms. 

Flame out end 

(5 gms. of powder 

3 s 


meal. 



used in raising dust 







cloud). 


73 

90 % alfalfa 1 

Open at end . . 

8 gms. 

1 g. c. top and bottom. 

Like coal 

3 s 


10% shale, 200-m. / 



36 




Big volume flame .... 


3 s 

51 

grate. 

Open at end . . 

5 gms. 

Flame to end 


3 s 


50% shale / 




52 

30% corn elev, dust \ 

Open at end . . 

5 gms. 

(3 g. c. on top. . . . \ 

40% corn elev. like 

3 s 


70% shale / 



\3 g. c. on bottom / 

coal. 


45 

No. 5 wheat dust 

No screens. . . . 

5 gms. 

Flame way out end . . . 

(5 gms. of powder 

3 s 


from milling sepa- 




used in raising dust 



rator. 




cloud.) 


-61 




3 g. c. left 


3 s 

62 


Open at end . . 

8 gms. 

1 g. c. left 


3 s 


floor leg J 




■64 

Wheat dust, top ele- 

Open at end . . 

8 gms. 

1 

'3 g. c. left 


3 s 


vator. 




70 

No. 3 wheat dust 

Open at end . . 

i 8 gms. 

4 g. c. left 

Like coal 

3 s 


from cupola. 




72 

80 % wheat dust. . - 1 

Open at end . . 

8 gms. 

2 g. c. top and bottom. 

Like coal 

3 s 


20% shale, 200-m. , / 






75 

60% wheat dust. . . \ 

Open at end . , 

8 gms. 

2 g. c. top and bottom. 

Like coal 

3 s 


40% shale, 200-m.. / 






69 

Dead elev. dust, St, 

Open at end . . 

8 gms. 

3 g. c. left 

Like coal 

3 s 


Louis. _ 




46 

50% tapioca flour 1 

Open at end . . 

5 gms. 

Flame out 

Like coal 

3 s 


29-A. \ 





50% shale J 






47 

40 % tapioca flour . \ 

Open at end . . 

5 gms. 

fl g. c. on top. . . . \ 


3 s 


60% shale / 



\1 g. c. on bottom J 



48 

Sulphur purr* 

Open at end . 

5 gms. 

Very violent 


3 s 

49 

50% sulphur I 

Open at end . . 

5 gms. 

Very violent 


3 s 


50% shale / 




50 

30 % sulphur . . . . 1 

Open at end . . 

5 gms. 

Flame 1 — 2' out 


3 s 


70% shale / 






56 

20% sulphur .... 1 

Open at end . . 

8 gms. 

(2 g. c. on top. . . . 1 

Like coal 

3 s 


80% shale / 



\3 g. c. on bottom / 



57 

Flax dust . 

Open at end . . 

8 gms. 

1 g. c. on top 


3 s 

58 

Bariev dust 

Open at end . . 

8 gms. 

1 g. c. on top 

Both shots fired to- 

3 s 




gether — like coal. 


71 

50% barley dust. . \ 

Open at end . . 

8 gms. 

1 g. c. left 

Like coal 

3 s 


50% shale / 






65 

Mixed oats, wheat 

; Open at end . . 

8 gms. 

1 g. c. left 


3 s 

and barley. 




60 


Open at end . . 

8 gms. 

3 g. c. left 

Like coal 

3 s 

63 

Old dust, top elev. 

Open at end . . 

8 gms. 

Flame just out 


3 .s 

66 

Dust from seed clean- 

■ Open at end . , 

8 gms. 

1 g. c. left 


3 s 

ing house. 




67 

Dust from grinding 

: Open at end . . 

8 gms. 

1 g. c left 


3 s 


peas. 






68 

75 % pea dust . . . . 1 

Open at end . . 

8 gms. 

1 g. c. left 


3 .s 


25 %i shale J 

1 






Note: 2.5 gms. of powder were used to raise dust cloud, except as otherwise listed under Remarks. 

1 Number of seconds between firing of shot to form cloud and time of igniting of the cloud. 

2 A loading of 4 gms. of material per hole in each test. 

® 1.2 gni. per hole. Same amt. as in shale mix. 
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With this gallery it was possible to obtain a good and uniform dust 
cloud, but it would settle quickly. It was thought that a condition more 
nearly simulating factory conditions would be obtained in a vertical gal- 
lery where a column of the dust cloud could be obtained of such a height 
that it would take some time to settle and so, if too dense at first, it would 
gradually pass through the explosive limits. Consequently, a vertical gal- 
lery (fig. 9 and Plate 2) 10 feet high and 6 inches square on the inside 
was made. The dust was injected as in the horizontal gallery, by the 
discharge of a little black powder, but it was ignited by an arc or an open 
flame, sources of ignition more likely to be present in mills. The results 
of these tests with several different materials are shown in Table VIIL 

In conducting these experiments the dust cloud was injected as soon 
as possible after the source of ignition had been placed in the lower end 
of the gallery. Occasionally an explosion occurred immediately after 
the dust was injected, but usually there was a lapse of one to four seconds 
between the injection of the dust and the explosion. Apparently it took 
that length of time for an explosive mixture to form around the flame or 
arc. It is of interest to note the results and to compare them with those 
obtained in the horizontal gallery. For instance, varying degrees of prop- 
agation were obtained with coal dust, and no ignition could be obtained 
with a mixture of 90 per cent coal dust and 10 per cent shale dust, while 
in the horizontal gallery propagation was obtained with a mixture of 60 
per cent coal and 40 per cent shale. This may have been due to a greater 
concentration of the shale dust in the lower end of the gallery on ac- 
count of its higher specific gravity. 

A candle flame gave a good ignition of a 40 per cent sulphur and 60 
per cent coal mixture while only a weak propagation was obtained in the 
ignition of the same mixture with an electric arc. An ignition around 
the candle flame but no propagation was obtained with a mixture of 30' 
per cent sulphur and 70 per cent shale, while in the horizontal gallery a 
20 per cent sulphur and 80 per cent shale mixture behaved as did pure 
coal dust. Also some dusts, as barley, pea and alfalfa, were not ignited 
by the candle flame but were easily ignited in the horizontal gallery. 

These results should not be taken to mean that some dusts cannot be 
ignited by a candle flame, but simply that they will not be ignited by it 
under all conditions. Under other circumstances they have been easily 
ignited by simply shaking them out of a cloth as a cloud over the flame. 
The chief reason they ignited in the horizontal and not in the vertical 
galleij' was probably the greater heat of the igniting source and its more 
sudden application. 

When two samples, supposedly of the same dust, or of a material as 
uniform as a starch — corn, rice or wheat, for instance — give different 
results, there must be some reason for it outside of composition. A num- 
ber of factors affect the inflammability of a dust, controlling not only 
the ease with which it may be ignited, but also the rapidity with which 
an explosion once initiated will propagate through the cloud. Among 
these are size of the dust particles, moisture content, ash, volatile material 
in the dust, and ease of oxidation. 
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TABLE VIII. 

INFLAMMABILITY OF DUSTS AS TESTED IN VERTICAL GALLERY. 


Test 

No. 

Material, fi) 

d 

Coal dust 

17 

Coal dust 

26 

Coal dust 

• 13 

Coal dust 

22 

80% coal \ 

20% shale / 

25 

90% coal 1 

10% shale f 

38 

Coal dust, 200-mesh. 

1 

Starch 

9 

Starch 

16 

Starch 

23 

50% starch \ 

50% shale / 

27 

40% starch \ 

60% shale / 

30 

30% starch \ 

70% shale j 

51 

35% starch \ 

65% shale J 

50 

30% starch 1 

70% shale j 

48 

35% starch 1 

65% shale j 

6 

Potato starch 2 8- A. 

104 

75% potato starch ' 
28-A. 

25% shale ^ 

41 

Potato starch 16-A. 

101 

50% potato starch 1 
16-A. \ 

50% shale 1 

99 

40% potato starch ] 
16-A. \ 

60% shale J 

2 

Flour 

8 

Flour . . 

15 

Flour 

28 

60% flour 1 

40% shale f 

31 

40% flour \ 

60% shale / 

5 

Rice flour 

47 

50% rice flour \ 

50% shale f 

52 

60% rice flour.. . . \ 
40% shale J 

53 

55% rice flour.. . . 1 
45% shale / 

55 

55% rice flour ... 1 
45% shale (See 1 
Exp. 47). J 


Ignition. 


Sterno lamp on floor. 

Arc 

Arc 

Candle on floor 

Arc 

Arc 

Arc 

Sterno lamp on floor. 

Candle on floor 

Arc 

Arc 

Arc 

Arc 

Arc 

Candle 

Candle 

Sterno lamp on floor. 
Candle 


Arc 

Arc 


Candle 


Sterno lamp on floor. 

Candle on floor 

Arc 

Arc 

Arc 

Sterno lamp on floor. 
Arc 

Arc 

Arc 


Candle 


Flame. 

Remarks. 

Out end 

— 

Out end 

— 

Weak ignition 

— 

Out end 

— 

No ignition 

— 

No ignition 

— 

Flame 

Arc allowed to 
heat carbons. 

Out end 

— 

Out end 

— 

Out end 

— 

Flame out 

— 

Out end 

, — 

No ignition 

— 

Flame just through. 

— 

No ignition 

— 

Out end 

— 

Out end 

— 

No ignition 


Flame 



J ust ignited 

No propagation. 

Ignited at candle. . 

No propagation. 

Out end 



Out end 

— 

Out end 

— 

Out end 

— 

No ignition 

— 

Out end 

— 

No ignition 

— 

Out end 

— 

Out end 


Out end 

— 
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Test 

No. 

54 

75 

76 

56 

57 

4 

11 

40 

105 
107 

106 

10 

7 

95 

33 

64 

65 

67 

69 
39 

46 

70 

60 

59 

61 

62 

63 

68 

77 

78 


TABLE VIII — Continued 


Material. 

Ignition. 

Flame. 

60% rice flour. , . . \ 

Candle 

Out end ... 

40% shale / 

Rice dust from mill 

Candle 

GrOod ignition 

top of reel. 

Rice dust from mill 

Arc 

No ie^nition 

top of reel. 
Cyclone dust from 
rough rice receiver. 
Cyclone dust from 
rough rice receiver. 
Sulphur 

Arc 

No ignition 

Candle 

No ip'nition 

Sterno lamp on floor. 
Candle on floor 

Out end 

Sulphur 

Out end 

Sulphur 

Arc 

Flame 

40% sulphur \ 

Candle 

Good ignition 

60% shale / 

40% sulphur 1 

60% shale / 

30% sulphur \ 

70% shale J 

Alfalfa 

Arc 

Candle 

Candle on floor 

Flame just through. 

Ignited at flame. . . 

No ignition . . . 

Alfalfa 200-mesh . . . 

Sterno lamp on floor. 

No ignition 

Alfalfa 200-mesh . . . 

Candle 

No ignition 

90% alfalfa No. 2 
200-mesh. 

10% shale 

Wheat dust caught 
near elevator leg. 
Wheat dust from 

Arc 

No ignition 

Candle 

No ignition 

Candle 

No ignition 

around 1st floor 
leg. 

Wheat dust from 

Candle 

No ignition 

milling separator. 
Corn elevator dust. . 

Candle 

No ignition 

Corn elevator dust 

Arc 

No ignition 

No. 9. 

Corn elevator dust 

Sterno flame 

Ignited at flame. . . 

No. 9. 

Corn dust from 

Candle 

No ignition 

around grate. 

Pea dust, pure 

Candle 

No ignition 

75% pea dust.. . . \ 

25% shale / 

40% tapioca dust. \ 

Candle 

No ignition 

Candle 

Flame just through. 

60% shale / 

40% tapioca dust. \ 

Arc 

Ignition at arc .... 

60% shale / 

Flax dust 

j Candle 

Flame just through. 
No ignition 

Barley dust 

Candle 

Flour dust, rolls and 

Candle 

Good iernition 

purifiers. 

50% flour dust, 1 
etc. (No. 103). \ 
50% shale J 

Candle 

Good ignition 




Remarks. 


Violent. 

Ignited imme- 
diately on in- 
jection. 


No propagation. 


Did not propagate. 


No propagation. 
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TABLE VIII — Continued 


Test 

No. 

Material. 


Ignition. 

Flame. 

1 

Remarks. 

81 

80 

50% flour dust, 1 
etc. (No. 103). ! 

50% shale 1 

40% flour dust, ] 
rolls and puri- 
fiers No. 103. 
60% shale 


Arc 

Candle 

Weak ignition 

No ignition 


82 

Sample No. 1 dusts 
from receiving 
scourer. 

Candle 

Big volume flame. . 

1 


83 

Sample No. 1 dusts 
from receiving 

scourer. 

Arc 

Big volume flame. . 


84 

50% reduction ' 
middlings. 

50% shale 1 


Candle 

Out end 


85 

40% reduction'^ 

middlings. 

60% shale ^ 


Candle 

Slow flame out .... 


86 

40% reduction 

middlings. 

60% shale 


Arc 

Ignition at arc .... 

No propagation. 

89 

Mixture, oats, wheat 
and barley. 

Candle 

No ignition 



(1) A loading of 4 grams of material in each test. 


Volatile Matter, Most investigators who have studied the question 
of coal-dust explosions have expressed the belief that the inflammability 
of the dusts is related to, if not directly dependent upon, the amount of 
volatile matter in the coal. This seemed to be borne out by tests and 
by the fact that most dusts of low volatile content were either only 
very slightly explosive or could not be ignited under ordinary condi- 
tions. For a long time it was thought that an explosion could not occur 
without the presence of gas. Consequently, when an explosion did occur 
where no gas was expected or known to be present the natural conclusion 
was that a gas must have been given off, and that it was this gas which 
exploded or at least aided in the propagation of the explosion. In 1876 
Galloway stated that if coal dust and air did not form an inflammable 
mixture a small addition of fire damp, which would not be inflammable 
alone, would become inflammable when coal dust was added. Bedson 
and Widdas^ call attention to the effect of the volatile matter and state 
that the amount of it in the coal is an indication of the inflammability 
and explosive character of the coal. As a result of a series of experi- 
ments at the French Experiment Station it was concluded that the order 
of inflammability is the same as that of the content of volatile matter 


'‘Trans. Inst. Min. Eng., 1908, vol. 34, pp. 91-97. 
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in the coal. The British authorities, however, did not feel that this was 
the controlling factor, and Wheeler^ stated that the inflammability is 
dependent upon the amount of paraffins distilled from the coal. He 
found that this was proportional to the amount of material extracted 
from the dust by pyridine. The Bureau of Mines,^ following their 
first tests, stated : ‘^t has been pretty well demonstrated by these experi- 
ments that the order of inflammability of a coal dust is a function of 
the amount and character of the volatile matter which is expelled.^’ As 
a result of later tests, ^ it was stated that no definite relation between 
inflammability and volatile matter content is shown, but that there is a 
decided tendency for the inflammability to increase as the percentage 
of volatile matter increases. 


TABLE IX. 

RELATION OF COMPOSITION TO INFLAMMABILITY. 


Sample 

No. 

Kind of dust. 

Inflam- 

mability 

pressure. 

Volatile 

matter. 

Fixed 

carbon. 

Ash. 

Water. 

B. t. u. 

Pounds per 
square 
inch. 

Per cent 

Per cent 

Per 

cent. 

Per i 
cent. 

61 

Yellow corn dust from first 
break in dry milling. 

15.2 

74.18 

15.125 

0.475 

10.22 

6804 

35 

Wheat elevator, side wall . . . 

13.0 

62.88 

14.45 

16.21 

6.46 

7214 

43 

Oat and corn dust, top of 
elevator. 

12.4 

63.08 

16.18 

12.84 

7.90 

6628 

57 

Oat dust from ground oat 
hulls. 

12.3 

69.51 

18.29 

4.86 

7.34 

7717 

103 

Wheat flour dust rolls and 
purifiers. 

10.5 

68.52 

21.18 

0.75 

9.55 

7259 

97 

Reduction middlings 

9.4 

68.47 

21.38 

0.47 

9.68 

7231 

33 

Wheat flour from packing 
room. 

9.3 

65.66 

24.66 

0.56 

9.12 

7213 


While it is evident that the percentage of volatile matter is an indica- 
tion of the inflammability of a coal dust this is not an important factor 
in controlling the inflammability of dusts other than coal. This is shown 
in Table IX, which gives the results of approximate analyses made upon 
some of the dusts given in Table V. It will be noted that the most 
inflammable dust does have the highest percentage of volatile matter, 
and that the one with the lowest volatile content is next to the most 
inflammable. In fact, the percentage of volatile matter and the relative 
inflammability do not show any relation whatsoever. This might have 
been expected from earlier discussion in this chapter for it was shown 
that most of the volatile matter given off by vegetable material and 
carbohydrates is not inflammable. This is further indicated by the 
results in Table X. 


^ J. Chem. Soc., vol. 99, p. 649 ; vol. 103, p. 1704 ; vol. 103, p. 1715. 

^U. S. Bureau of Mines, Bull. 20. 

®U. S. Bureau of Mines, Bull. 102, p. 67; Technical Paper 141, p. 24. 
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TABLE X. 


VOLATILE MATTER PRODUCED BY COMPLETE DISTILLATION OF 
CELLULOSE AND STARCH TO 500® C. AND OF TWO COALS TO 

450® C. 



Dry material, to 500° C. 

Air-dried material, 
to 450° C. 


Cellulose.! 

starch.! 

Pittsburgh 

coal. 

Wyoming 

coal. 

Total volatile (per cent) 

Water (per cent) : 

67.1 

71.4 

22.00 

35.45 

Free 

— 

— 

.93 

5.98 

Combined 

31.7 

29.7 

4.30 

12.64 

Acetic acid (percent) 

3.3 

5.3 

— 

— 

Aldehydes and ketones (per cent) 

5.9 

6.8 

. — 


Carbon dioxide (per cent by weight) . . . 

11.3 

13.1 

.31 

3.78 

Carbon monoxide (per cent by weight) . 

4.8 

7.6 

.21 

1.60 

Tar (per cent by weight) 

3.3 

2.7 

12.76 

8.17 

Inflammable gases (other than CO). . . . 
Gas (as cc. per 100 grams) : 

1.3 

2.0 

3.16 

2.80 

Carbon dioxide 

6363 

7365 

174 

2128 

Carbon monoxide 

4268 

6821 

187 

1426 

Unsaturated hydrocarbons 

213 

347 

352 

394 

Methane 

10.56 

1273 

1953 

1778 

Ethane, etc.^ 

281 

' 593 

1147 

869 

Hydrogen 

247 

370 

653 

1129 

Total gas 

12,428 

16,769 

4.466 

7,724 

Inflammable gases, as per cent (by 
volume) of total gases. 

48.83 

56.13 

96.13 

72.63 

Inflammable material, as per cent (by 
weight) of total volatile.'* 

15.4 

19.0 

73.3 

35.4 


^ Bautling, J. fiir Gasbeleuchtung, vol. 57, pp. 32-55. 

2 Lower hydrocarbons figured as ethane. 

® 70-75 percent of this is CO. 

* Aldehydes and ketones omitted. 

While it is evident that cellulose and starch decompose by heat much 
more easily than does coal, the vapors and gases formed in the early 
decomposition are 80-90 per cent non-combustible. Furthermore, while 
the quantity of combustible gases produced by heating cellulose and 
starch is greater than that produced from coal, these gases are largely 
made up of carbon monoxide, which is a gas of a comparatively low 
degree of inflammability. The more highly inflammable gases, as methane, 
ethane and hydrogen, are produced (at 500° C.) probably in as great, 
if not greater, quantities from the Pittsburgh coal as from cellulose and 
starch. This would indicate that it is necessary to look to some other 
cause than the capability of producing inflammable volatile matter if the 
high degree of inflammability of cellulose and starch, and probably all 
other dusts, is to be explained. 

Ash . — It would be reasonable to expect that a dust with a high ash 
content would be less inflammable than one with a low percentage of 
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^sh or inert material in its composition. Authorities differ on this point, 
however. One^ says that the greater the content of inert material, as 
ash and moisture, the lower will be the inflammability, while another^ 
states that the ash content of the coal, within ordinary limits, does not 
appear to affect the explosibility of the coal dust. 

A brief study of the results shown in Tables III, IV, IX and XI, 
will give some idea of the effect of ash in ordinary amounts as found 
in the dusts. In Table III it will be noticed that the most inflammable 
of the dusts, other than coal, has an ash content of 1.59 per cent, while 
the least inflammable has only 0.43 per cent, and some between have 
as high as 7 per cent of ash. In the coal dusts it is true that one of the 
most inflammable has the lowest ash content, 3.57 per cent, but the 
next one in degree of inflammability has nearly the highest percentage 
of ash of any, except one which has 16.78 per cent and still is more 
inflammable than some others. It will also be noticed that some of the 
coal dusts are more inflammable than some of the other dusts which 
have a lower ash content. A glance at Table IV will show the same 
lack of relation between the percentage of ash and the relative inflam- 
mability. In Table IX it will be seen that the most inflammable dust has 
practically the lowest ash content, 0.475 per cent, while the next in 
order of inflammability has the highest amount of ash of any of these 
dusts, 16.21 per cent. 

In its large-scale tests the Bureau of Mines establishes a relation 
between the dusts by determining the amount of shale dust which it is 
necessary to add to make the propagation of an explosion impossible. 
In developing the laboratory method for testing dusts to predict their 
behavior in the large-scale experiments an exhaustive series of tests was 
niade^. The addition of the shale dust affects the inflammability of the 
coal dusts differently, apparently depending upon the volatile content. 
After the addition of the same amount of shale dust to each of the coals 
tested, that dust which had the highest volatile content was the least 
affected. With the addition of a small amount of shale dust the inflam- 
mability was not decreased materially, but it decreased gradually with 
the increase of the inert dust. However, in some cases it was necessary 
to add over 50 per cent of the inert dust before the dust failed to propa- 
gate an explosion. This means that there must be over that percentage 
of ash in this type of dust to have it non-flammable. 

In the tests described above, results of which are given in Table VII, 
it will be observed that in some cases it was necessary to mix from 
70-80 per cent of shale with the dust before the mixture was rendered 
non-flammable and non-explosive. 

The effect of the high percentage of ash naturally occurring in the 
dust is indicated by the results shown in Table XI, which gives the ash 
content of a few of the dusts appearing in Table V, It will be seen 


^ U. S. Bureau of Mines Bull. 102, p. 66. 

®U. S. Bureau of Mines Bull. 20, p. 101. 

^ U. S. Bureau of Mines Technical Paper 141. 
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that a dust with as high as 57 per cent ash can be quite inflammable and 
that one with 48 per cent ash may not show any inflammability. The 
results with rice dust are worthy of note since they are about as clear 
a demonstration of decrease of inflammability with increase of ash con- 
tent as will be found. Though discrepancies appear, still there is at least 
an indication of the effect of high ash content. While the amount of ash 
must have some effect upon the inflammability of the dust, especially 
if it is very high, it does not seem to have any marked effect in the 
quantities ordinarily present. Consequently, it is necessary to look 
further for those things which affect the inflammability of the dust to a 
greater degree. 


TABLE XI. 

EFFECT OF ASH ON INFLAMMABILITY OE RICE. DUSTSu, 


Sample No. 

Kind of dust: 

Explosion.. 
Pressiirei',! • 
Pounds per 
square inch. 

Ash. 

Per cent. 

54A 

Rice polish dust from polisher 

10.1 

8.06 

83A 

Rice polish dust from collector around polisher. 

9.3 

7.05 

85A 

Rice bran dust 

8.7 

21.49 

55A 

Rice dust from cleaning 

7.9 

29.33 

82A 

Rice dust 

7.1 

35.52 

84A 

Rice dust from shaker 

4.8 

53.40 

53A 

Rice dust from bins above cyclone from receiv- 
ing aspirator. 

4.8 

56.77 

56A 

Rice dust from clippers 

3.9 

50.40 

52A 

Cyclone dust from rough rice receiving as- 
pirator. 

0.0 

47.66 


Si^e of particles. The rate at which any substance will be oxidized 
or will burn is dependent upon the surface exposed to the oxygen of 
the air. The greater the area exposed the more rapid will be the oxida- 
tion and the finer the dust the greater the surface exposed if the dust 
is thoroughly mixed with the air, as in a cloud. It would be expected, 
therefore, that a fine dust would burn more rapidly than a dust which 
had less surface per unit weight. This is only another way of saying 
that a flame would propagate more rapidly through a cloud of fine dust 
than through a cloud of coarse dust. It would also be ignited more 
easily, and so the finer the dust the more inflammable it would be expected 
to be. 

As a result of tests VitaF concluded that the intensity of an explosion 
is intimately connected with the character of the dust and becomes prac- 
tically nil if the size of the particles is increased to an appreciable part 
of a millimeter. A little later Mallard and Le Chatelier- found that the 


^ Annales des Mines, 1875, ser. 7, vol. 7, p. 180. 

^ Annales des Mines, 1881, ser. 7, vol. 20, pp. 121-159. 
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more finely divided were the dusts, the .more inflammable they became, 
and the smaller was the size of the flame necessary for their ignition. 
Yet in many previous tests these authors had thought that fineness of 
division was a secondary matter. Some coals were found inflammable 
regardless qf the size of the particles. This fact is not opposed to the 
principle that the more finely divided the coals, the greater the inflam- 
mability, for the authors explain that the dusts used by them were not 
screened to a certain size, and that in all the samples a sufficient amount 
of the fine dust remained in suspension long enough to cause ignition 
on arrival at the source of heat. In this way the occurrence of fine dust 
in a sample, the average size of whose particles was large, would mask 
the effect that might be anticipated from the relatively large size of the 
particles. For instance, two samples of dust may be very different with 
respect to fineness when introduced into the apparatus but in the course 
of their passage to the flame, situated some distance away, the largest 
particles are deposited and only the smaller particles reach the flame, 
so that at this point both dust clouds are very similar as regards the size 
of the particles remaining in suspension. 

The Bureau of Mines^ made a series of tests in the gallery at Pitts- 
burgh on the propagation of flame by different sizes of coarse coal dusts. 
These results are given in Table XII. The dusts were thrown into 
suspension and ignited by a blast of 1% to 2% pounds of black powder. 
It will be noticed that 60-80-mesh dust propagated an explosion as did 
40-60-mesh dust. While there was ignition with the 20-40-mesh dust, 
there was only partial propagation, but the indications were that with 
a still larger charge of powder, increasing the concussion and heat of 
the initial explosion, complete propagation would be produced. In a 
mine, still coarser sizes of dust might propagate the flame from very large 
shots, in view of the fact that smaller sizes would be present to sustain 
the flame. 

In a report- of recent experiments conducted in Germany, as a result 
of two disastrous explosions in sugar refineries during the war, one con- 
clusion reached is described as follows: 'The finer the dust, the more 
easily it exploded. This fact is not difficult to explain. The finer the 
dust ill a cloud, the larger the area of all dust particles in comparison 
to the content, and the more easily can a sudden vaporization of the 
dust be produced by contact with heat. The finer a dust the more readily 
it remains in the air. This increases the possibility of spreading quickly 
and easily a sudden ignition of the dust occurring at any particular point.'’ 

During the tests described (see Page 25 and Table V) uniform 
results were sometimes very difficult to obtain, using two samples of the 
same dust, even though only that portion of the dust which would pass 
a 200-mesh screen was used. This, it was thought, could be caused only 
by the presence of varying amounts of dust much finer than the maximum 


^U. S. Bu. of Mines Bull. 20, pp. 43-45. 

^Zeitschrift fur das Berg-Hutten-u-Salinenwesen, 1920, Abhandlungs-Heft-3 
s. 100. 
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size which would pass through a 2(X)-mesh screen. It was found that 
the Bureau of Standards had developed a method^ and apparatus for 
making separations of very fine cement dust. Using air currents, it was 
possible to make separations much finer than could be made with sieves. 
This apparatus was used by the Bureau of Chemistry in an attempt to 
separate samples of other dusts which had been screened through a 200- 
mesh sieve. It was apparent that a slightly different type of apparatus 
was necessary. After a large number of experiments, the apparatus- 

TABLE XIL 

TESTS OF PROPAGATION OF FLAME BY DIFFERENT SIZES OF 
COARSE COAL DUST. 

(All charges of explosive tamped with clay.) 


No. 

Weight of 
explosive 
used for 
ignition. 

Dust used. a 

Flame showed (indicating 
its length) at — 

Result. 

Pounds. 

Weight 

Pounds. 

Si 2 e 

Mesh. 

Doors 

Nos. 

Windows 

Nos. 

Ignition. 

Propagation. 

1 


10 

20-40 

(b) 

1-4 

No 

No 

2 

IM 

20 

20-40 

(b) 

1-5 

No 

No 

3 

IM 

10 

. 40-60 


1-3 

No 

No 

4 


20 

40-60 

— 

1-3 

No 

No 

5 


10 

60-80 

2-4 

1-5 

Yes 

No 

6 


20 

60-80 

2-6 

1-14 

Yes 

Yes 

7 

IM 

10 

80-100 

2-7 

1-14 

Yes 

Yes 

8 


17 

60-80 

2-14 

1-14 

Yes 

Yes 

9 


14 

60-80 

3-7 

1-14 

Yes 

Yes 

10 


10 

60-80 

3-9 

1-12 

Yes 

Yes 

11 

2M 

10 

60-80 

2-11 

1-14 

Yes 

Yes 

12 

2M 

12 

40-60 

2-12 

1-14 

Yes 

Yes 

13 

2M 

15 

20-40 

2-5 

1-8 

Yes 

Partial 

14 

2M 

23 

20-40 

2-3 

1-6 

Yes 

Partial 


a Dust was placed on a horse in the first three sections, and on shelves in sections 3-6, except in test 
13 and 14. in which dust was placed on shelves in sections 3-9 and 3-11, respectively. 
b Edge of door 3. 

NOTE: The gallery consists of 15 sections each 6 feet 8 inches long with a window on the observation 
side and a relief door on top in the middle of each section. 


^U. S. Bureau of Standards, Technical Paper No. 48. 

^The apparatus consists of a funnel of special construction which is held up 
against a metal stack. The middle portion of the stack is 30 inches long and 6 
inches in diameter. It has been drawn in at the bottom to avoid using so large a 
funnel. At the top the stack is drawn in to 3.5 inches diameter and has a 45-degree 
elbow on which a bag is placed to catch the dust which is carried up the stack. 

To make the separations a known weight of dust is placed in the funnel, 
usually from 25 to 50 grams. It is then agitated by allowing air under one 
pound per square inch pressure to pass up through the funnel. The different 
separations are obtained by controlling the rate of flow of the air with orifice 
plates inserted between the funnel and the source of air pressure. In the finest 
separations a 1-mm. plate was used, while a 4-mm. plate had been used in the 
coarsest separations. By having a large variety of orifice plates as many and 
as fine separations can be made as desired. The size of the particles in each 
fraction is determined microscopically. 


dust explosions, 
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shown in Figure 10 was developed. This made it possible to make as 
many and as fine separations of 200-mesh material as desired. Dust 
placed in the funnel at the lower end of the apparatus is agitated by 
air under pressure of 1 pound per square inch, orifice plates controlling 
the flow and, consequently, the separations. The more slowly the air 
moves, the smaller the particles that are carried over into the receiver. 
The size of these particles can then be measured with the aid of a micro- 
scope. 

By means of this apparatus and method, separations were made of a 
large number of dusts, and the various fractions obtained were tested 



Fig. 11. 

Curve Showing Maximum Size of Dust for Different Orifices. 


to determine their relative inflammability. The results are given in 
Table XIII, and, for a clearer understanding, some of them are given 
in the form of curves in Figures 11 to 13. These curves give the maxi- 
mum size of the particles in the fraction for different orifices ; the amount 
of dust separated by the various orifices, and the inflammability of dust 
of varying size particles, with normal moisture content and free from 
moisture. 

Even a casual glance at this table and the curves should be sufficient 
to indicate the great efifect which the size of the particles has upon the 
inflammability of the dust. It is clearly shown that as the size of the 
particle decreases the relative inflammability increases, usually to a very 
marked degree. However, in some cases the pressure generated in the 
ignition o'! the smallest particles is less than that given by the fraction 
next larger. This is probably caused by the moisture in the sample, 
which causes the particles to agglomerate, so that when they are injected 
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into the apparatus they do not separate and act as individual particles, 
but rather as particles of larger dimensions. It will be noticed that this 
is not the case when the moisture has been removed from the dust. In 
every case (except Sample 42A — cocoa dust containing high oil con- 
tent which causes agglomeration), when the dusts are dry their relative 
inflammability increases as the size of the particles decreases. 

A study of some of the results in Table XIII from a slightly different 
angle will throw further light on the effect of size of particles upon -the 
inflammability of dust and show that while this is very important it is 
not the only factor to be considered. In Table XIV the results of the 
inflammability tests upon the various fractions have been arranged 
according to the maximum sized particles obtained in separating the 
dusts with a certain fixed rate of flow of air in the separator. 



Fig. 12. 

Curve Showing Amount of Dust for Different Orifices. 


A brief comparison of the size of particles and the inflammability 
of the fractions of the various dusts, separated by any one rate of flow 
of air, will show that, in general, the relative inflammability of different 
dusts is not entirely controlled by the size of particles. For instance, of 
the samples obtained with a 2.0-mm. orifice, the most inflammable is the 
one which has the largest particles and which does not contain any 
particles much smaller than the coarsest present in the finest sample, 
all of these having been removed by using a 1.5 mm. orifice. It is true 
that the finest is the next in order of inflammability, but the one which 
stands third in inflammability is fifth in order of fineness. A similar 
condition exists in the other groups of fractions in the table. For 
example, it will be noticed that the finest sample in those separated by 
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the 3-mm. orifice is fourth in inflammability, and the highest in inflam- 
mability in the samples separated by the use of the 4-mm. orifice is fourth 
in size of particles. These differences cannot be explained by the presence 
of large proportions of particles which are much smaller than the max- 
imum sized particles given. The only indication of the amount of such 
fine materials would be the percentage of the original sample in each 
fraction. If the first fraction is very large and the second considerably 
smaller it might be expected that the first contained a high percentage 
of material considerably finer than the maximum indicated, while a 
small first fraction and a large second would indicate that there was 
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Fig. 13. 

Curve Showing Inflammability for Different Sizes of Dust. 


not a high percentage of smaller particles in the first fraction. The 
2.0 mm. fraction from Sample 37 contains 59,52 per cent of the original 
and the next fraction, 29.07 per cent of the total. This indicates a 
high per cent of material smaller than .02158 mm. which may be a reason 
for its high inflammability. Still, the next fraction does not contain any 
of these very small particles, and the extreme variations in size are only 
0.01857 mm., yet this fi’action gives an inflammability of 14.2 as against 
15.7 for the finer fraction. Also, the finer fraction of Sample 50A, 
which contains nearly 40 per cent of the original, is less inflammable 
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TABLE XIV. 

EFFECT OF SIZE ON INFLAMMABILITY. 


Sample 

No. 

Kind of dust. 

Size of orifice 
controlling air. 

Maximum 

size 

particles. 

Per cent of 
original 
sample. 

P elative 
inflam- 
mability 



mm. 

mm. 


Pressure 
Pounds per 
square inch 

36A 

Wood dust from chipper room. 

1.5 

.02134 

14.24 

18.3 

37 

Oat and corn dust 

2.0 

.02158 

59.52 

15.7 

28A 

Potato starch 

2.0 

.02249 

3.64 

14.5 

103 

Wheat flour dust, roll and 
purifiers. 

2.0 

.02539 

12.64 

14.9 

50A 

Malt dust from collecting sys- 
tem. 

2.0 

.02606 

39.76 

12.2 


Wheat flour 

2.0 

.02643 

12.76 

15.5 

42A 

Cocoa dust 

2.0 

.02738 

8.89 

7.3 

X13C 

Pittsburgh coal dust 

2.0 

.02898 

37.08 

12.5 

36A 

Wood dust from chipper room . 

2.0 

.03251 

18.13 

18.1 

28A 

Potato starch 

3.0 

.03348 

13.80 

14.0 

103 

Wheat flour dust 

3.0 

.03928 

17.52 

13.9 

37 

Oat and corn dust 

3.0 

.04015 

29.07 

14.2 


Wheat flour 

3.0 

.04108 

20.68 

15.5 

42A 

Cocoa dust 

3.0 

1 .04238 

45.88 

11.3 

50A 

Malt dust 

3.0 

.04672 

28.72 

12.6 

X13C 

Coal dust 

3.0 

.04896 

28.28 

10.3 

36A 

Wood dust 

3.0 

.04975 

53.36 

15.5 

28A 

Potato starch 

4.0 

.04851 

29.92 

12.8 

42A 

Cocoa dust 

4.0 

.05682 

14.60 

10.7 

103 

Wheat flour dust 

4.0 

.05917 

9.12 

12.5 


Wheat flour 

4.0 

.06405 

12.88 

14.6 

X13C 

Coal dust 

4.0 

.07184 

19.96 

7.1 

50A 

Malt dust 

4.0 

.08137 

About 

11.40 

10.4 

37 

Oat and corn dust 

Residue after 
4 mm. orifice. 

.1100 

11.41 

8.7 

28A 

Potato starch 

Residue after 
4 mm. orifice. 

.1100 

52.64 

11.1 

103 

Wheat flour dust 

Residue after 
4 mm. orifice. 

.1100 

60.72 

9.6 


Wheat flour 

Residue after 
4 mm. orifice. 

.1100 

53.68 

6.3 

42A 

Cocoa dust 

Residue after 
4 mm. orifice. 

.1100 

30.63 

10.2 

X13C 

Coal dust 

Residue after 
4 mm. orifice. 

.1100 

14.68 

3.9 

36A 

Wood dust 

Residue after 
4 mm. orifice. 

.1100 

14.27 

10.6 


than the next fraction which contains about 29 per cent of the original, 
with particles which vary in size by 0.02066 mm. 

In Table XV the jnaterials are arranged according to the inflam- 
mability of the finest fraction. When compared to the other fractions 
it can be seen the same order does not exist. So, while it is seen that 
the size of the particles of a particular dust is an important factor and 
to a large extent does control its inflammability, there seems to be some 
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Other element to be taken into consideration. The shape of the particli* *^ 
IS important also as it affects materially the amount of surface expose^ ^ 
to the oxygen of the air. Undoubtedly this explains some of the diflfei'"" 
eiaces .in the results shown, but this point is difficult to determine without 
a detailed microscopic study of the various samples. 

1 very probable that the size of the particles of a dust has more ' 
to do with its relative inflammability than any other one thing, especially 
when dusts of similar materials are considered. In fact it may almo^^t 
he said, after a study of these results, that a determination of the size*) 
<is well as the shape, of the particles will give an excellent indicatios i 
of the relative inflammability of a particular type of dust. Of the factor^*^ 
which have an important bearing upon the inflammability of dust tbi^ 
seems to be one of the most important, if not the most important. 

M oisture content . — Another factor which influences the inflammability 
of dust is its moisture content. The Bureau of Mines in discussing the’ 
effect of moisture^ makes the following statement: ^'Moisture container! 


TABLE XV. 

INFLAMMABILITY OF VARIOUS SIZED FRACTIONS. 


Sample 

No. 

Kind of dust. | 

1 Inflammability of fractions by orifice. 

36A 

Wood dust 

2.0 mm. 
18.1 

3.0 mm. 

15.5 

4.0 mm. 

Residue 

10.6 

37 

Oat and corn dust 

15.7 

14.2 

— 

8.7 


Wheat flour 

15.5 

15.5 

14.6 

6.3 

103 

Wheat flour dust 

14.9 

13.9 

12.5 

9.6 

28A 

Potato starch 

14.5 

14.0 

12.8 

11.1 

X13C 

Coal dust 

12.5 

10.3 

7.1 

3.9 

50A 

Malt dust 

12.2 

12.6 

10.4 

— 

42A i 

Cocoa dust 

7.3 

11.3 

10.7 

10.2 


or carried in coal dust is probably converted to steam before gas is evolved 
from the dust particles, and if enough moisture is present the absorption 
of heat in this way may prevent sufficient heat from being imparted 
adjacent dust particles to evolve the volatile gases and raise them tcj 
the ignition point. Furthermore, if the moisture in or surrounding eacli 
I^article of dust is sufficient in quantity, the vapor therefrom will dilutc* 
cvolving gases or else tend to surround them with an incombustible 
envelope and so prevent the immediate ignition of the combustible mat - 
ter necessary for propagation.’ ' In referring to the use of exhaust steaui 
as a means of preventing explosions in mines the Bureau of Mines^ al.sr^ 
states : ^'Exhaust steam is used to prevent coal-dust explosions on tlie 
tl'ieory that wet coal is more difficult to ignite than dry coal; also that 
a flame propagating thtough moist air suffers a greater temperature Iosh 
than one propagating through dry air. 


XJ. S. Bu. of Mines Bull. 20, p. 100. 
U. S. Bu. of Mines Bull. 20, p. 166. 
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‘'To make coal dusc absolutely and theoretically inert as a combustible 
— that is, to make a mixture of such composition that it would not ignite 
or consume from heat of its own generation — would require six or seven 
times its weight of water. This quantity of water is so large, causing, 
in fact, a condition practically equivalent to submergence, that its use 
is impossible.” 

The results shown in Table XIII and in Figure 13 give some idea 
of the effect of moisture upon the inflammability of dust. It will be 
noticed that a dry dust ignites much more readily than a dust with normal 
moisture content. The most striking illustration of this is shown where 
the residue of the separation of potato-starch dust was not ignited in 
the tests upon the ordinary air-dried material, but when the moisture 
was removed it gave a very high inflammability. This effect is also 
shown very well by wheat flour dusts. Other things being equal, the 
drier a dust the more inflammable it is, or the more moisture it contains 
the less inflammable it is. That moisture causes agglomeration has been 
noted, but it is believed its real effect is to absorb some of the heat 
of ignition or combustion and thereby lower the temperature. Not until 
the moisture content is sufficiently high to absorb from the source of 
ignition an amount of heat which will lower it to a point below the 
ignition temperature of the dust will its presence prevent an explosion. 
An increased moisture content, consequently, raises the ignition tempera- 
ture of the dust and so decreases its inflammability, that is, its ease of 
ignition. 

An idea seems to exist that humidification of a mill would prevent 
explosions. It has prevented fires in picker rooms of cotton mills, but 
here a different condition exists, one which will be discussed in a later 
chapter. Flumidifying the atmosphere of a mill would tend to increase 
the moisture content of the dust over what it is in normal air and so 
raise the ignition temperature slightly, but the trouble and expense would 
not be justified by the benefits gained. However, the ordinary sources 
of ignition would still ignite the dust, and an explosion once started 
would be easily propagated. The effect of moisture is well explained by 
Bedson and Widdas,^ when they state that in order to prevent the ignition 
of an inflammable dust it must be made so damp that it cannot be blown 
into the air as a cloud by a jet of air, and that an increase of moisture 
tends to raise the temperature of inflammation. The amount of moisture 
which must be present to raise the temperature of ignition or inflamma- 
tion to the point that the dust will not ignite under ordinary conditions 
varies with different dusts. For instance, it was noticed that the sample 
of potato starch. Figure 13, could not be ignited under the conditions 
of the tests at 1200° C. when it contained only an ordinary amount of 
moisture, probably not over 10-12 per cent, and yet wheat-smut dust has 
been easily ignited^ when it contained as much as 35 per cent of moisture. 


^Trails. Inst. Min. Eng., 1908, vol. 34, pp. 91-97. 

^ State College of Washington, Agricultural Experiment Station Bulletin 
117, p. 11. 
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When a dust is not too wet to be thrown into suspension as a cloud, 
or as long as a cloud of it can be formed, it is not too moist to explode. 
However, moisture does have a marked effect upon the inflammability of 
the dust, an increase of moisture causing a decrease of inflamrna.bility. 

Ease of oxidation . — It has been stated that the inflammability of a 
dust is the ease with which it will ignite and propagate an explosion. It 
may likewise be said that it is the ease with which a dust can be oxidized. 
The volatile content of the dust, its percentage of incombustible matter 
or ash, the size and shape of the particles, and the moisture content of 
the dust all have an important bearing upon this ease of ignition. 
Probably the size and shape of the particles have the greatest effect 
because they control the surface which is exposed to the action of the 
oxygen of the air, and so to a large degree control the rate and ease 
of oxidation. In referring to the effect of volatile matter on the inflam- 
mability of coal dusts, Mallard and Le Chatelier^ express the opinion 
that the proportion of volatile matter is not the only cause of the inflam- 
mability of coal dust, but that those volatile constituents which have 
already been partially oxidized would be expected to be more inflammable 
than those same substances unoxidized, just as alcohol vapor is more 
inflammable than vapors of petroleum. This is only another way of 
expressing the idea that the chemical composition of dust has an effect 
upon its inflammability. Doubtless this is very true, for certainly sub- 
stances of different chemical composition would not be inflamed with the 
same ease. For instance, natural-gas gasoline is much more inflammable 
than low-test gasoline although there is the same percentage of carbon 
and hydrogen in each, the difference being simply in the way they are 
combined in the molecules. Ether, an oxidized hydrocarbon, is more 
inflammable than either of them. 

If the statement of Mallard and Le Chatelier, that the partially 
oxidized products are more inflammable than the unoxidized, is true, 
it may explain the fact that the starches, for instance, as also most of the 
dusts given in Table V, are more inflammable than coal dust. Most of 
these contain some starch or cellulose, which is of a similar composition. 
But it would be difficult to state positively that the opinion of Mallard 
and Le Chatelier is true, for, so far as known to the authors, there is 
no experimental evidence with which to substantiate its truth or falsity 
except possibly the fact that dust containing starch or cellulose or 
similar compounds in appreciable quantities seems to be more inflammable 
than coal and similar dusts. 

Under proper conditions all substances which are not completely 
oxidized will burn, that is, will combine with the oxygen of the air. For 
example, iron will burn, or rust, but slowly at ordinary temperatures, 
but iron filings will burn brilliantly when dropped into a flame. Then, 
too, iron in a finer state of division, as iron reduced by hydrogen, can 
be ignited" by the flame of a match. In a still finer state of subdivision. 


^ Annales des mines, 1882, ser. 7, vol. 20. pp. 5-98. 

^ Scientific American Supplement, May 25, 1878, vol. 5, No. 12, p. 1985. 
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obtained by the decomposition of iron oxalate by heat, iron is sponta- 
laeously inflammable when poured through air. Iron filings oxidize slowly 

ordinary temperatures but do so very rapidly at high temperatures. 
That the rate of oxidation increases with the increase of temperature is 
grenerally true of ^11 oxidation. Therefore, the higher the temperature 
of the igniting source, the more heat available for ignition, the more 
ira-pid will be the burning, and, in the case of a dust, the more violent 
'vv'ill be the explosion. Mallard and Le Chatelier express this in stating 
that by increasing the size of the flame above a certain minimum the 
x“a,pidity of inflammation is increased and for a certain volume becomes 
p)ractically instantaneous and nothing is gained by increasing the size of 
the flame beyond this volume. 

There is a maximum amount of heat in the case of all dusts which 
vvill give the maximum explosion obtainable. There is also a minimum 
temperature and amount of heat which must be present to ignite the 
cluists. It is very probable that the variations in this minimum for the 
different dusts is greater than the variations in the maximum amount of 
heat necessary to obtain the greatest explosive effect. The lower this 
t emperature may be to obtain ignition, the more inflammable is the dust. 
Iin other words, the lower the temperature which must exist before rapid 
o>cidation or the oxidation of burning begins the more inflammable the 
duist. This may be put in still another way by saying that the more easily 
cTL dust is oxidized the more inflammable it is. 

Of all the various factors discussed above — volatile matter, ash, 
sijze and shape of particles, moisture content, chemical composition and 
ea.se of oxidation — and their effect upon the inflammability of dusts, it 
ca.iinot be said that any one of them is the greatest factor. But where 
iniiy one particular dust is considered the size of the particles seems 
t:o have the greatest effect upon the inflammability of that dust, and 
•vvliere various dusts are considered, size and shape of particles being 
tlxe same, the ease of oxidation of the dust is the controlling factor. 


CHAPTER II. 

INDUSTRIES PRODUCING DUST AND THEIR 

EXTENT. 


The subject of dust explosions has become one of real interest be- 
cause of the large number which have occurred, entailing loss of life and 
property. But when the extent of the industries involved and the number 
of employees subject to this hazard are considered, it will be appreciated 
that it should become of even greater interest and study. Some idea of 
the number of employees and the value of the property — exclusive of 
coal mining, thresher operation, etc. — may be obtained from the data in 
Table XVI, which has been compiled from statistics of the Bureau of 
the Census, the Department of Labor, and the U. S. Grain Corporation. 

In the operation of practically every industrial plant more or less 
dust is produced. This is especially true of the industries listed in Table 
XVI and of all of those handling fine materials or even coarser products 
which may be subject to abrasion in handling or manufacturing processes. 
In the older plants considerable dust was produced by the more or less 
imperfect methods of manufacture. If a plant had dust collecting equip- 
ment, it was inefficient and the machinery allowed the dust to get into 
the mill. But comparatively, these older plants on account of the slower 
moving machinery and smaller buildings, did not have anywhere near 
the possibilities for dust production and distribution which modern mills 
have with their many rapidly moving machines and with buildings con- 
structed for maximum production. The great number of open pulleys and 
belts tends to create air currents and to distribute dust throughout the 
plant. 

Though there are many exceptions, the methods used in all plants 
making a finer product from a comparatively coarse raw material are very 
similar — from the handling of the raw or partly finished material to the 
cleaning, pulverizing, separation, storing and packing. If the raw ma- 
terial is received and handled in bags or containers, the amount of dust 
created is usually not very great, but as this method is expensive and 
inefficient, the more dusty one of handling in bulk is adopted or retained. 
This method must be resorted to as soon as any manufacturing process is 
started, so from there on through mo'St, if not all of the processes, dust 
is produced. 
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TABLE XVI. 

NUMBER OF EMPLOYEES AND VALUE OF PROPERTY IN DUST- 
PRODUCING INDUSTRIES. 



No. of 

Establishments 

Value of Products 

Wage Earners (a) 


1919 

1914 ^ 

1919 

1914 

1919 

1914 

Aluminum manu- 
factures 

84 

37 

$69,474,0001 

$19,597,000 

11 ,402 

5,018 

Chocolate and 
cocoa products 
not including 
confectionery . . 

48 

36 

i 

139,258,000^ 

35,713,000 

9,083 

4,512 

Coffee and spice 
roasting and 

grinding 

794 

696 

1 

1 

304,740,000, 

150,749,000 

10 ,540 

8,959 

Cooperage 

1,100 

1,259 

88,267,000 

50,017,000 

19 ,662 

26,768 

Cork, cutting. . . . 

52 

62 

16,282,000 

7,875,000 

3,545 

17,816 

Fertilizers 

599 

784 

278,610,000 

153,196,000 

26 ,296 

38,332 

Flour mill and 
grist mill 
products (d) . . . 

10,712 

10, 788 

2,052,850,000 

877,680,000 

45 ,481 

41,684 

Fuel, manufac- 
tures 

11 

14 

1,974,000 

863 ,000 

171 

221 

Glucose, starch. . . 

56 

89 

186,256,000 

52 ,615 ,000 

7 ,795 

4,948 

Lumber, planing 
mill products, 
not including 
planing . mills 
connected with 
saw-mills 

5,314 

5,841 

560, 867 ,000 

1 

1 307,672,000 

129 ,401 

101,228 

Malt 

55 

97 

39,340 ,000 

48, 133 ,000 

1,352 

2,386 

Oil and cake, 
cotton seed .... 

713 

882 

570,213,000 

212,127,000 

26 ,766 

36,838 

Oil, linseed 

26 

25 

120,638 ,000 

44, 883 ,000 

2,173 

1,853 

Oilcloth and lin- 
oleum, floor. . . . 

21 

18 

52,673 ,000 

17,602,000 

5,414 

4,572 

Paper and wood 

pulp 

714 

718 

794,350 ,000 

332,147 ,000 

113 ,759 

89,916 

Phonographs and 
graphophones . . 

167 

18 

158,668 ,000 

27,116,000 

28 ,721 

10,007 

Rice, cleaning and 
polishing 

86 

59 

90,038,000 

23,039,000 

2,113 

1,852 

Soap 

352 

371 

317,067 ,000 

127,942,000 

20 ,436 

14,461 

Sugar, beet 

85 

60 

149,156,000 

62,605,000 

11 ,781 

20,353 

Sugar, cane 

202 

181 

57,741 ,000 

21,635,000 

6,101 

14,635 

Sugar refining, not 
including beet 
sugar 

20 

18 

730,987 ,000 

[289,399,000 

18 ,202 

12,792 

Totals 

21,211 

22,053 

$6,779,449,000 

$2,862,605 ,000 

500 ,194 

459,151 


Number Capacity, bushels 

Terminal elevators (b) 339 250,223,122 

Country elevators (b) 21,542 1,076,898,830 (c) 

(a) These figures do not include salaried workers and officials. 

(b) Licensed by U. S. Grain Corporation. 

(c) Estimated. 

(d) Includes wheat, rye, corn, buckwheat, barley, oats, grain, alfalfa and similar types 

of mills. 
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Among the points and equipment at or from which dust may be pro- 
duced to get into the plant^ are the following: 

1. At the discharge of the material into the boot of an elevator or 
into the scale hopper. 

2. At the elevator head where it is discharged to cleaners and con- 
veyor belts. 

3. At the tripping device. 

4. At the cleaners. 

5. From dust collectors which exhaust inside the building. 

6. From open or leaky spouts. 

7. From openings in elevator legs. 

8. From the material falling into piles on the floor. 

9. From transferring and loading material into cars. 

10. From poorly operating equipment. 

11. From material falling into open bins. 

In short it may be stated that dust is created wherever there is a stir- 
ring up, a throwing or a falling of the material. 

In addition to points where dusty material is allowed to fall through 
the air of the plant, as into open bins or onto the floor, the most prolific 
source of dust in handling equipment is a poorly operated elevator. This 
is caused in some cases by poorly constructed elevator heads and faulty 
discharges, and in other cases by incorrect running speeds which allow 
part of the material elevated to drop back down the leg. This very often 
creates a ‘‘blowing” because a current of air is produced which seeks to 
force its way out of any opening or crack in the front of the leg and 
the spouts leading thereto. When an elevator becomes clogged in the 
“throat” or discharge opening in the head, all the material drops down 
the back leg and causes a great air pressure within the legs and spouts 
which in a short time fills the mill with a thick cloud of dust. 

Another source of danger from dust is the drying equipment in use. 
The four types of driers used most generally are the gravity, chamber, 
tunnel, and the rotary. In the gravity system, used largely for the drying 
of grain, the product falls gradually through various small chambers with 
hot air moving in counter currents to the grain, the chambers being so 
arranged that a considerable part of the air can pass through the com- 
paratively thin layers of grain. In the chamber driers, the material is 
placed in a large receptacle, and warm air is passed through until the 
material has been dried to the desired moisture -content. This system is 
often used in drying textiles or other materials through which the air 
can circulate freely. In the tunnel system the material is placed in the 
tunnels on trays or in compartments on tracks, being put in at one end 
and taken out at the other. The warm air moving through the tunnel 
over and around the material removes the moisture. This system is 
usually employed in the drying of starch and is coming into use in the 
dehydration of vegetables, fruits, and other food products. For drying 


^Although these practices relate primarily to plants handling grain, they are 
generally applicable to representative industries. 
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products which have tendency to cake or harden and form a compact 
mass, such as sugar and fertilizers, rotary driers are employed. The 
material is kept in agitation as it passes through a large revolving drum 
containing floats which carry the material toward the top and allow it to 
fall across the drum and to be again picked up and kept in agitation. 
It gradually feeds through the revolving drum which is set at a slight 
angle from the horizontal, while the warm air passes through the drum 



The explosibility of carbonaceous dusts can easily be demonstrated in a miniature 
elevator as shown above- The demonstrator, by means of the hand bellows, has just 
blown a cloud of dust agrainst an open flame within the sealed compartment. Models 
of this type were used durinsr the special educational campaign conducted by the U. S. 
Grain Corporation and the U. S. Department of Agriculture to acquaint operators and 
workmen with the importance of adopting effective methods of dust explosion prevention. 


in counter currents. In all of these drying systems more or less dust 
is created, but more particularly in the gravity and the rotary systems. 
However, in the other systems some of the dried material will often fall 
off the trays or containers and gradually collect in the drier, creating 
quantities of accumulated dust which may be stirred up at any time and 
cause an explosion. In all of these systems great care should be taken 
to see that dust is removed and not allowed to accumulate. 

Another operation that is essential in producing a marketable product, 
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and that is liable to be a source of dust, is the cleaning* of raw material. 
Two means of dry cleaning commonly employed are the screens and the 
pneumatic cleaners. In both of these systems the material is necessarily 
kept in agitation, sometimes producing large quantities of dust which if 
not removed by properly installed dust collecting equipment, will get 
out into the plant to create a hazardous condition. 

After the material has been properly prepared, the next process is the 
manufacture of the desired products. Pulverizing may be the first step. 
This can be accomplished in three different general types of machinery 
which are in common use. One of these, considered as a crushing or 
grinding machine, is represented by coal crushers or what might be termed 
jaw crushers and by the ordinary rolls used in the grinding of wheat 
for flour. In this system material is simply crushed by means of pressure. 
Another type is the attrition system of pulverizing, in which by very rapid 
motion with some pressure, the material grinds itself, the various particles 
rubbing against each other with such force that they are broken down. 
This system is largely used in the pulverizing of material where a sepa- 
ration is not desired, as for instance in grinding grain for feed, where 
the entire pulverized material is used in the finished or manufactured 
product. Another means often used in the grinding of starch and of 
other food products is that represented by impact pulverizers. A com- 
mon type is a machine in which a series of hammers is arranged on a 
rapidly revolving axis so as to strike the material in the drums and grad- 
ually pulverize it until it will pass through the meshes of the surrounding 
screen. In all of these pulverizing processes, quantities of dust are 
necessarily produced, dependent on the material, and unless the machines 
are properly enclosed it might get out into the plant. All of the con- 
veying systems from these grinding machines should be tightly enclosed, 
as in many of them the pressure created will force the du.st out through 
cracks or openings present. It is also advisable to install dust-collecting 
equipment on each of these machines or at least on the dischai'ge from 
them so that the fine dust which may have a tendency to get out into the 
plant may be drawn away and collected. This might also serve as a 
relief for pressure which may be created in the machine, and by keeping 
up a circulation of air, as for instance on the rolls used for grinding 
wheat, they may be kept cool, and dead air may be removed. 

Where it is desired to separate any particular material from the pul- 
verized product, or to obtain material of a uniform size, the usual method 
is to pass the material over. some type of screens such as purifiers, bolters 
or reels. Here the material is kept in agitation, and as it gradually passes 
through the various screens the desired product is separated. Such a 
process is sometimes used to obtain a uniform material even though the 
original material has not necessarily been pulverized. This is flie case 
in the manufacture of dextrine, a comparatively soft and lumpy material. 
It gradually disintegrates and passes through the screens as it goes through 
the reels. In all of these machines considerable dust is raised, and care 
must be taken to see that it does not get out into the plant. 

The finished product is usually conveyed to storage bins. Quantities 
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c)f clust are necessarily raised by the falling of the material into these bins 
and more dust is raised as the material is taken out to be packed. Large 
quantities of dust do not usually arise from the packing of the material, 
l>ut there is always a little raised as the material falls into the container, 
such as a bag or a box. If this is allowed to get out into the atmosphere, 
it will spread throughout the packing department as it is only the light and 
hue dust which will get out under such conditions. Arrangements should 
he made to see that all dust is collected and removed at the point where it 
is created. 


The "Washbum-Crosby Mill at Minneapolis after the dust explosion of May 2, 1878. 
This explosion of flour dust, causing the loss of 18 lives and extensive destruction of 
millinjgr property, is commonly referred to as the first disastrous one in the United 
States. It brought about the elimination of the old dust or “stive^' room in flour milling 
and the introduction of improved types of dust-collecting equipment. 

Ill most of the industries referred to in Table XVI, one or more of 
the above steps, if not all of them, are carried out. However, in certain 
of these there are special processes of manufacture in which dust is 
created, for instance in the manufacture of powdered aluminum, and also 
in the polishing or finishing of aluminum goods. The grinding of the 
altiminiim is done in much the same way as the grinding of other ma- 
terials, but the ground product must be kept dry. If water gets onto this 
jiowdered product, oxidation begins immediately, heat is generated, and 
si>ont^Lneous ignition may easily result.' If more water is put onto this 
liurning' material, the fire is increased rather than extinguished. There 
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is also the danger of stirring up the pile of powdered material and caus- 
ing a dust cloud from which an explosion may result. A similar hazard is 
present in the grinding of magnesium. In the polishing of aluminum, the 
product is held against rapidly revolving brushes made of fine wire or 
stiff hair. As in the polishing of other metals, cpiantities of dust are 
created which are usually removed through a dust-collecting system. 
In the case of aluminum the dust created is explosive, while in the polish- 
ing of other metals the dust is not so easily oxidized and consequently not 
explosive. 

In cooperage and woodworking plants, considerable dust is created in 
the finishing of the wood. A comparatively coarse material is obtained 
in the planing, but fine material goes along with it and creates a cloud of 
inflammable dust in the suction and dust collector system used for carry- 
ing the shavings from the planer. In the turning of the wood to make 
different shaped articles, as for instance, ax handles, and in the sanding 
and polishing, large quantities of dust are created. This is usually drawn 
away through a collector and eventually burned in the furnaces. Unless 
it is collected, quantities get out into the mill and settle at various places, 
creating a hazardous condition. There is also a hazard in feeding this 
material to the boilers if the equipment has not been properly installed, so 
that no back pressure can be created and flames from the boiler cannot 
get back into the dust-collecting system. 

At first thought it might seem that there would hardly be a place in 
an edible oil mill where dust would be created and an explosion hazard 
be present. However, in a cottonseed oil mill, considerable dust is created 
in delinting the cottonseed before it goes to the cookers. Dust is also 
created in the conveying and handling of the seed to and from del inters 
and grinders and to the cookers. Very little dust light and fine enough 
to float in the atmosphere is created in the processes or in the handling of 
the material from the cookers to the presses. However, a considerable 
quantity of dust is created in removing the pressed cake and in the grind- 
ing of it. This also applies to other types of mills making edible oils 
from vegetable products, and to linseed oil mills. 

In the manufacture of paper and the handling of the finished product, 
dust is created in the trimming and edging of the material and especially 
when the waste is handled pneumatically. This is more particularly true 
where stones are used in the edging process instead of cutting devices. 
In mills manufacturing paper from materials other than wood, and es- 
pecially from rags, quantities of dust are created in cleaning and making 
them ready for use in the process. In the phonograph and graphophone 
industries, wood dust is created in making and finishing the cases for the 
machines, and a very inflammable dust is created in the manufacture of 
some of the records and in grinding some of the material which goes into 
the manufacture of them. Dust is also created in the polishing and 
cutting. 

In the process of polishing rice, dextrine and a small amount of mois- 
ture are added and the rice is kept in agitation. The rubbing together of 
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the kernels of rice in the presence of dextrine does the polishing. Nat- 
urally a large quantity of dust is created in this process. 

An industry on which it has not been possible to obtain any data as 
to its extent and the value of the products obtained, but in which dan- 
gerous dust is created, is the recovery of old rubber and the manufacture 
of materials, especially hard rubber, therefrom. In this process the old 
rubber is cut up into small pieces and then finely ground, after which 
the material goes through a process for the recovery of the rubber. In 
^he grinding operation and in the manufacture of products from hard 
rubber, a large amount of dust is created. 

In all of the industries mentioned, as well as in several others, which 
it has not been possible to classify in this list, hazardous and dangerous 
dusts are created in almost all of the steps where a comparatively dry 
material is handled, especially if handled in bulk and by machinery. It 
may again be stated that dust is created wherever there is a stirring up, 
a throwing, or falling of the material, and steps should be taken to remove 
all of the dust so created and to keep it out of the atmosphere of the plant, 
and to keep it from accumulating at any point in the mill. 


CHAPTER III. 


CAUSES OF DUST EXPLOSIONS AND ELIMINA- 
TION OF SOURCES OF IGNITION. 


In order to have a dust explosion there must be present a ]>roper 
mixture of inflammable dust and air, and some part of this mixture must 
come in contact with heat of suflicient intensity to ignite the dust. What 
may be considered a proper mixture of dust and air and some of the 
properties which affect the ease with which dusts may be ignited have 
already been discussed. But there must be some source of ignition. This 
may be considered to be the real cause of an explosion, and if the sources 
of ignition can be eliminated explosions will no longer occur. 

Frequently when an explosion occurs the press notices state that it 
was a spontaneous explosion or that it was caused by spontaneous com- 
bustion. Either is a convenient expression when the real cause is not 
known. As a matter of fact many people believe that there is such a thing 
as a spontaneous explosion, or that dust will ignite spontaneously with a 
resulting explosion. Their idea seems to be that a pile of dust can be 
ignited by spontaneous combustion and that when this happens there is 
an explosion, something like what might be expected should a spark or 
flame reach dynamite. It must be remembered that dust cannot explode 
like dynamite or black powder or other detonating explosives, but that 
dusts explode like gases explode, that is, when intimately mixed with the 
air as a cloud. Consequently there cannot be such a thing as an ex- 
plosion of a pile of dust whether flame gets into it or not, as long as the 
dust remains in the pile. It cannot be denied that there is such a thing as 
spontaneous combustion. That is too well known. But there is no such 
thing as spontaneous explosion. When dust is in suspension in the air 
as a cloud spontaneous heating cannot take place sufficiently to cause com- 
bustion, for any such heat, if developed, would immediately be conducted 
away by the air. The only way in which it is possible to have an ex- 
plosion from spontaneous combustion is to have a dust cloud come in 
contact with a hot coal or flame which may have been caused by sponta- 
neous combustion. These facts explain in a general way the meaning of 
the term “spontaneous combustion.” But there is one investigator who, 
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as a result of a long* series of experiments, believes that dust may be 
able to fire itself. A discussion of this theory will be reserved for a later 
chapter on “Static Electricity.'’ So far as is known no explosion has 
started in this way. 

It is quite possible that it may be said after reading this chapter that 
there is nothing new in it. That may be granted from the first, for there 
IS no new source of heat, 
but at least the various 
sources of ignition of dusts 
should be known. It has 
been shown that it is pos- 
sible to ignite some dusts at 
a very low temperature, in 
fact at temperatures well 
below dull redness of iron. 

It would therefore be ex- 
pected that an explosion 
would be possible wherever 
there might be present a 
source of heat of 500° C. 

(932® F.), or even lower 
under some conditions, if 
dust were present. Some 
of these sources of ignition 
may not be considered in 
this chapter for only the 
more frequent causes of ex- 
plosions will be discussed, 
but they should not be for- 
gotten. 

In con sidering the 
causes, and means of elim- 
inating them, which seem 
to call for special attention 
no lengthy discussion will 
be attempted. A few facts 
and illustrations should be 
sufficient for the average 
man and others learn only 
through the school of hard experience. These various causes will not be 
discussed in the order of their importance, or with any particular refer- 
ence to their relative hazard or the number of explosions which may 
have been caused by them. 

1. Smoking and matches . — Explosions and fires have been started by 
the striking of matches or by men smoking in plants. The danger of 
fire from these causes has been appreciated more fully than has the danger 
of explosions. This may have been a result, in part at least, of the lack 
of knowledge on the part of employees, but it is hard to understand why 


A dust explosion on September 12, 1919, in this 
feed grinding: plant in Buffalo, N. Y., damaged 
property to the extent of $20,000 and caused in- 
juries to 3 workmen. 
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this is true with many employers as well. Their interests should con- 
vince them that the use of cigarettes, cigars, pipes and matches in and 
around plants where combustible materials and especially inflammable 
dusts are present is dangerous. This practice has been responsible for so 
many dust explosions and fires that the relative danger of matches and 
smoking as a cause of explosions and fires is no longer debatable. The 
cold facts on record of losses of life and property from this unnecessary 
cause should be sufficient warning for every operator and workman in in- 
dustrial plants where dangerous dusts are present, and in fact in all plants, 
to refrain from smoking. Often an oflicial of a mill will be smoking 
when an inspector or visitor arrives at the office and will either continue 
to do so during the trip about or, if he doesn’t actually smoke, will keep 
his cigar in his mouth unlighted. For its effect upon the employees this 
is almost, if not wholly, as bad as smoking, for a wrong impression is 
gained. That the official had a cigar in his mouth is the same thing to 
them as smoking. They take, this incident, and not unjustifiably, as a 
license to them to smoke. If the men have to smoke, then places should 
be provided for it and they should not be allowed even to carry matches 
into the plant. Though this may not be a temptation to smoke, if the men 
have matches and get into dark places or the regular lights fail the first 
inclination is to think of the light nearest at hand, the match. It is lighted 
thoughtlessly and the trouble starts. 

For instance, a man went to a bin in a flour mill in a Western State 
to see how much flour was there. He could not see readily on account 
of the dust raised by the incoming flour, and as there was no electric 
light handy it was concluded that he struck a match and put it into the 
bin for a light. An explosion occurred which blew out the side of the 
building and nearly caused the employee to lose his life. In a very sim- 
ilar case in Western Canada a plant was destroyed almost completely and 
the employee responsible was burned seriously. This time it was a re- 
turned soldier who had been through four years of fighting in Europe. 
War didn’t get him but carelessness or thoughtlessness nearly did. How- 
ever, it is not always the lighting of the match which causes the trouble. 
The coal on a cigarette or cigar or in a pipe may do as much harm. A 
man in a southern mill wanted to know the contents of a flour bin. When 
he opened the door of the bin he did not have time to light a match, for 
as soon as the cloud of dust which came out reached his pipe it became 
ignited and a slight explosion resulted. Fortunately the mill was clean 
and the door fell shut before the explosion got into the bin, but the man 
was burned badly and the scorched boards by the bin door today bear 
silent tribute to this miller’s carelessness. He says that he has had his 
lesson and therefore allows no smoking anywhere around his mill. 

It should not be necessary to mention any more explosions of this sort, 
though others have been more disastrous, but it might not be out of place 
to refer to one other involving a different kind of dust and resulting in a 
different type of explosion. In March, 1918, a workman in the Jarvis 
\\arehouse in Jersey City, N. J., threw a lighted cigarette stub on the 
floor. At the time he and four other men were handling loose chlorate 
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This photograph shows the damage caused by an explosion in a flour mill in Boissevain, 
Manitobs^ when an employee struck a match to determine the amount of flour in a 
packer bin. A large number of dust explosions in industrial plants have occurred as a 

result of this practice. 


of potash. A fire quickly started in the highly combustible combination 
of wood, flour, chlorate dust and the coal of the cigarette. The workman 
tried to stamp it out and an explosion resulted. The fire spread rapidly 
beyond control so that the entire warehouse together with the Erie 
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machine shops was destroyed. The approximate loss amounted to over 
$2,000,000.00, quite a price to pay for a little smoke. 

Too many disastrous explosions have been chargeable to smoking* or to 
the use of matches in plants. It. is almost impossible, without rigid rules, 
enforcement and inspection, to prevent the men from carrying matches 
and from smoking occasionally. However, extreme preventive measures 
should be adopted and enforced. The authors, from repeated experiences 
\yith workmen in various mills, feel that this practice is largely a result 
of the employee’s being ignorant of the hazard. It has been found, in the 
majority of cases, that when a man realizes the possible results and the 
dangers which his carelessness may bring to himself and his employer, he 
will not carry matches nor smoke in the mill. Rules and regulations 
rigidly enforced are good and a place for smoking should be provided, 
but education of the average workman will do more to prevent fires and 
explosions than any other one thing. He should not only be told but have 
demonstrated to him what may be the result of striking a match or smok- 
ing in the mill. The greater safety in using the match which can be struck 
only on the box over the kind which can be struck anywhere should be 
emphasized. Neither should be allowed, but there is an element of safety 
in the former which the latter does not have. The necessity for this 
prevention of smoking and the carrying of matches cannot be emphasized 
too strongly. 

2. Use of Open Flames and Naked Lights . — A large number of ex- 
plosions and fires have been caused by the introduction or use of open 
flames and naked lights in dusty atmospheres. In this class may be in- 
cluded the following: — (a) lamps, (b) torches of various kinds, (c) 
lanterns, (d) gas lights and (e) candles. The flames of matches might 
be included, also. 

Although at the present time in many modern industrial plants the 
use of open flames of any kind is prohibited, it has been found that the 
practice prevails in a large number of factories, especially in plants of 
smaller capacity. When such a system of lighting is found in a small 
community where there is no electricity, and is called to the attention of 
the operator he may say that he understands or has heard that the open 
flame has caused trouble but that he hasn’t found any other way of light- 
ing. This is a poor excuse for the small electric lighting units on the 
market can be installed and operated at a comparatively small expense. 
As a matter of fact, the amount invested would be cheap insurance even 
though a lower rate might not be obtained on the property for some good 
reason. In some plants with modern lighting systems the oil lantern is 
still in use for some purposes. The old habit of introducing it into grain 
bins persists around some mills and elevators to such an extent that many 
milling and grain men point to this as a reason for their opinion that 
there is not much danger in the practice, stating that, if there were, they 
could not have carried it on so long without having trouble. This is 
not well founded, however, for many explosions have been caused by the 
open flame. 
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All types of open flames will ignite inflammable dusts under the right 
conditions. This means not only flames which are entirely unprotected, as 
an ordinary fishtail gas flame, or the flame of a match, but also protected 
flames, as in lanterns or inclosed Welsbach gas lights. A flame imnst 
have air to support its combustion. If there is dust in the air, it will be 
drawn to the flame with the air and ignited, and an explosion will follow 
if sufficient dust is present. Consequently, all protected and unprotected 
flames must be kept out of industrial plants where there is inflammable 
dust if explosions are to be prevented. 

A disastrous explosion in a starch factory was caused by the use of 
a lantern while cleaning out the starch driers. Fortunately workmen 



During the progress of a fire in this spice plant in Cincinnati, Ohio, an explosion oc- 
curred. As a result of the explosion 4 hremen were killed and 13 injured. The j 

ignition of spice dust by the flames from the fire was assigned as one of the possible 

causes of the explosion. ^ 

who saw the starting of this explosion were not killed, though there was 
extensive loss of property. One of them stated that he noticed the par- t 

tides of starch dust circulating round and round the lantern, then, as 
he put it, “the air all round the lantern took fire,” and the flame sur- 
rounded him. The portion of the plant where the explosion started was 
damaged slightly while more distant portions were destroyed. In another J 

case two workmen in a paper mill were not so fortunate. They were I 

cleaning out a dust room where dust from the grinding of the paper edges | 

was blown. The cloud which they stirred up in the cleaning came in | 

contact with the lantern. A serious explosion resulted and both men lost | 

their lives. A few years ago in Glasgow, Scotland, dust which had ac- 5 
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cumulated on beams and rafters in a provender mill, grinding peas, beans, 
wheat, etc., became dislodged and fell as a cloud upon an open gas flame. 
Several people lost their lives in the explosion which followed. 

It often happens that a bearing has to be babbitted or other work 
has to be done in a plant, requiring the use of a small hot flame, as a 
plumber’s torch. This should not be allowed, unless it is absolutely im- 
possible to do the work outside of the plant. In this case it should be 
done only under the most strict regulations. The mill should not only be 
closed down, but there should be nothing going on in the plant which 
would create dust or make a dust cloud. For instance, a set of rolls was 
being babbitted in a flour mill in the State of Washington, the babbit be- 
ing melted by the flame of a plumber’s torch. At the same time a man 
was sweeping up the dust on a floor above. A cloud of dust reached 
the torch, with the result that the mill was destroyed by an explosion and 
fire. At another time, in a mill in Buffalo, N. Y., which had shut down, 
a hole was being cut in the steel boot of an elevator with an oxyacetylene 
flame. After the cutting had been completed and the flame turned out, 
and while the operator was waiting for the metal to cool, a man started 
to work on the casing at the head of the elevator. While hammering, a 
dust cloud was stirred up inside the elevator and an explosion resulted 
from the ignition of the dust by the hot steel. 

Many more illustrations could be given but these should convince any 
one that the open flame, be it a lantern or any other type, rnnst go so far 
as its use is concerned in industrial plants where inflammable material is 
present. The use of open flames for lighting purposes, their introduction 
into dusty atmospheres or the carrying of open lanterns into the plant 
either during its operation or by the night watchman are dangerous prac- 
tices and should be prohibited and prevented. 

3. Small-scale fires . — Several explosions of large proportions have 
resulted from fires in industrial plants. The flames from the fire produce 
sufficient draft to throw the dust into suspension and thereby create a dust 
cloud which explodes when the flame reaches it. Sometimes a falling 
timber or the caving-in of the walls, floors or roof will throw dust into 
suspension, forming the dust cloud. If a plant is dusty and dirty, a dan- 
gerous condition is brought about during a fire. For instance, if a fire 
should start in a plant where there is a coating of dust on the walls, it 
would spread very rapidly over the surface of the dust. This is equally 
true of dust on the floor or in any other part of the plant, and especially 
when the surface is increased by numberless or even a few cobwebs. 
This is due not only to the natural tendency of fire to spread rapidly 
through inflammable materials, but when once started the flame creates 
a draft which immediately precedes it and raises a small cloud of dust 
which feeds the flame and aids its rapid travel over the surface. In this 
way the flame spreads throughout the immediate open section of the plant. 
Too often it is reported that the fire was beyond control in a very few 
moments. This can be partly accounted for by the rapid spread of the 
flame through dust. If for no other reason than that of the fire hazard, 
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all industrial plants should be kept clean and dust should not be allowed 
to accumulate. 

But there is also the explosion hazard of the dust during the progress 
of the fire. For instance, a fire had been in progress in a plant in Litch- 
field, Ilk, for fully 30 minutes when some timbers fell, apparently throw- 
ing quantities of dust into suspension, for one of the most violent ex- 
plosions on record occurred immediately, and the plant was completely 



Fire followed a dust explosion in this elevator at Richford, Vt., on October 7, 1908. 
The property was extensively damaged; IS employees lost their lives and 2 women 
who were walking on the tracks outside the plant were fatally burned. 


destroyed. A similar but less violent explosion occurred during the prog- 
ress of a fire in an elevator in Indiana in June, 1918. 

Once a fire has gone over the surface it will take considerable time for 
a pile of dust to burn because a smoldering layer of carbonized dust and 
ash forms over the top. But if the dust is stirred up and thrown into 
suspension an explosion usually occurs. This may happen during the 
fighting of a fire. The stream from the hose may strike a pile of dust 
and throw it into suspension. Such an explosion occurred in 1918 during 
the progress of a fire in a linoleum factory in Philadelphia. A stream 
of water struck into the cork dust in the dust room throwing it into sus- 
pension as the fire was burning in and around the room. The result was 
a terrific explosion in which several firemen were injured. Care should 
be taken in fighting a fire in an industrial plant where inflammable dust 
is known to be present not to stir up the dust any more than is necessary. 
If it is possible to determine the location of the larger accumulations of 
dust, these should be wet down by directing the stream of water over 
and not toward them. 

With this thought in mind it is easy to conceive of the possibility 
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that many of the so-called smoke explosions which have occurred during 
the progress of fires, have been dust explosions. There is such a thing 
as a smoke explosion and also such a thing as a dust explosion durmg 
the progress of a fire, however, and they should not be confused. I he 
former occurs when heat and incomplete combustion cause distillation of 
gases which explode with violence when they become mixed with air in 
the proper proportions in the presence of fire. The latter occurs when 
the dust, thrown into suspension and mixed with the air, comes in contact 
with the flame. It is difficult to prevent the smoke explosion under cer- 
tain conditions, except by giving ventilation to the gases, but the dust 
explosion can be prevented by keeping the plant clean and in that way 
only. 

As all fires have small beginnings, a discussion of the prevention of 
small-scale fires might properly include the entire question of fire pre- 
vention. This will not be undertaken, however, since most readers of 
this book are already familiar with the subject and many phases will’ be 
discussed elsewhere. However, there are two points which should be 
emphasized here, namely, good housekeeping and fire-resistive construc- 
tion. • These should go hand in hand, for even in a fire-resistive building 
the fire may reach large proportions and the plant be destroyed unless it 
is well kept. It is possible, also, that a well-kept house of inflammable 
construction may be destroyed, but the destruction will not be as easy 
nor as rapid as in a poorly kept house. Good housekeeping is also one 
of the primary requisites in the prevention of dust explosions, for they 
cannot propagate through a clean plant. With dust as a medium, even 
a thin coating over the floor, w^alls, etc., a fire may spread very rapidly. 
If, in spite of all precautions against fire, a small one starts from some 
unexpected cause, it can not grow to one of large proportions if the plant 
is clean. Therefore, regardless of the type of construction of the build- 
ing, the plant must be kept scrupulously clean. Though an explosion 
may wreck a structure, if it is of fire-resistive construction, there will be 
little material to burn and it will not be as completely destroyed as in 
the case of a wooden structure. It is possible that a well-kept mill of 
fire-resistive construction may be destroyed by a dust explosion, but the 
chances are decidedly in its favor since there is less opportunity for a 
fire to gain headway or an explosion to propagate. 

There should be no need to call attention to the advisability of ih- 
stalling effective fire-fighting equipment, as this is one of the primary 
principles of safety. Any type of equipment is practically, if not wholly, 
useless after an explosion is well under way, but fire extinguishers and 
automatic sprinklers will help to put out the small fire which may start 
an explosion and the fires which follow a minor explosion. 

4. Electrical Causes . — Considerable attention has been given to the 
starting of fires from electrical causes and a carefully drawn code 
(National Electrical Code) is followed in making electrical installations. 
Effective regulations which have been formulated to protect property 
against fire should be followed in considering installations to insure 
the greatest possible protection against explosions. Extra precautions 
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should be taken where there is electrical equipment in a location where 
inflammable dust may be present. For some time there seemed to be a 
question whether an electrical spark would ignite dust or not. However, 
it is now known that a much smaller spark than was ever thought possible 
will ignite some dusts. In fact several very disastrous explosions have 
been traced directly to electrical causes, such as sparks from motors, 
fuses, switches, short circuits, etc., and to the breaking of incandescent 


Spectators watching the destruction by the fire that followed a dust explosion in a large 
terminal grain elevator in Baltimore, Md., June 13, 1916. The explosion was caused by 
a “choke- up” in an elevator leg and resulted in the loss of 7 lives, injuries to 22 workmen 
and property and grain damage of approximately $1,500,000. 


light bulbs. A number of fires have been caused by dust collecting and 
accumulating on electric light bulbs. 

The most disastrous dust explosion which ever occurred in an in- 
dustrial plant in England was assigned to the blowing of an uncovered 
fuse on a temporary switchboard at the very moment when a large belt 
broke and stirred up a dense cloud of the dust which had been allowed to 
accumulate in that portion of the plant. Thirty-nine men lost their lives 
and 101 were injured. Two men were seriously injured by a small ex- 
plosion in a starch factory in Illinois when they lowered an unprotected 
extension light into a starch bin and allowed it to strike against the sides 
of the bin. While the exact cau.se of a very disastrous explosion in an 
elevator in Kansas City may never be determined, at the point where 
it started the cord on one of the drop lights was frayed badly and the 


74 


DUST EXPLOSIONS. 


globe was broken. The cord looked as though a short circuit might have 
occurred, but in any case either the short circuit or the breaking of the 
globe could have started this explosion. More incidents might be men- 
tioned where these and other similar causes have been responsible for 
disastrous explosions, but those given will indicate some of the possi- 
bilities and suggest some of the remedies. 

There can be no question but that the incandescent electric light is 
the safest and best type of light which we have today for industrial plants, 
but it would seem that some changes from the usual practices in its 
use should be made. This feeling has been growing as a result of the 
number of explosions and fires which may be traced to them as a possible 
cause. With this in mind, investigations were conducted cooperatively by 
the various electric lamp manufacturers and the Bureau of Chemistry at 
the laboratories of the National Electric Lamp Works at Nela Park, 
Cleveland, Ohio.^ 

The possibility of fires or explosions from incandescent lamps in dusty 
atmospheres, such as are usually found in the handling of grain, starch, 
flour, sugar, and similar carbonaceous dusts may be classified under two 
distinct heads : 

(1) Explosions caused by breakage of incandescent lamps in an 
atmosphere which has the proper proportions of dust and air to make it 
explosive. 

(2) Fires directly caused by ignition of dust collecting on lamp bulbs. 


Explosions from Broken Lamps. 

The first classification is by far the more important of the two con- 
siderations. It has already been shown that nearly all dusts having 
a high carbon content and being finely divided may be exploded by an 
open flame when such dusts are combined with air in the right proportion. 
It has also been shown that the electric arc or static electricity can start 
an explosion. These facts have all been verified and in addition it has 
been shown that explosions under the same conditions may be obtained 
when an incandescent lamp is broken or demolished in a dust cloud. 
Both vacuum and gas-filled lamps will give the same results; the only 
exceptions noted so far have been with very low-wattage vacuum tungsten 
and carbon lamps. These lamps, however, are not excluded on this ac- 
count because^ much depends on the character of the dust cloud and the 
manner in which the lamps are broiken. If the cloud has the proper pro- 
portions of dust and air, it is exploded when coming in contact with any 
lighted source such as a match, candle, lantern, or other flame. 

These tests were made in an explosion chamber constructed according 
to the diagram shown in Fig. 14. A socket to hold lamps of various sizes 


Tl^ tests were conducted in co-operation with the National Lamp Works 
of the General Electric Co., Cleveland, Ohio ; Edison Lamp Works of the General 
Electric Co., Harrison, N. J.; and Westinghouse Lamp Co., Bloomfield N J The 
kmp testing work was carried on in the Nela Park laboratories of the National 
Lamp Works by C. L. Dows, assisted by H. G. Hills. 
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was placed in the bottom o£ the chamber and a rod, with trigger release, 
arranged to break the lamp when a dust cloud had been formed in the 
chamber. The cloud was produced by blowing dust from small shelves 




along the side of the chamber. As this dust settled, the trigger was 
pulled, and the rod, springing back to its normal position, broke the 
globe. 

The breaking of incandescent lamp bulbs except by accident or care- 
less usage is rare indeed. There are, however, certain practices in use 
in elevators which in view of the risk involved must be considered 
exceedingly dangerous. One of these is the lowering of an unprotected 
lamp bulb into an elevator bin to determine the amount of grain or feed 
it contains. The mechanical breaking of the bulb, or a short-circuit in 
the socket or wire, or the flash from a loose connection, may easily be 
sufficient to produce a disastrous explosion under the right conditions. 
This and other similar practices should be discontinued. 
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Fires from Dust on Lamp Bulbs. 

During a .special dust explosion prevention campaign conducted by the 
U. S. Department of Agriculture and the U. S. Grain Corporation the field 
men visiting the mills and elevators obtained numerous reports of fires 
assigned to dust collecting on electric lamp bulbs. A number of cases 
were reported where the explosion or fire was supposed to have been 
started by the ignition of dust which had settled on the lamp. 

It has been known for some time that fires could be readily started 
by burying an electric lamp in dust. In tests conducted at the Pitts- • 
burgh station of the Bureau of Mines a 32 candlepower electric lamp 
was placed in a box of fine coal dust. In less than 30 minutes the bulb 
had burst and the coal dust was found to be on fire. Following this ex- 
periment a 16 candlepower electric lamp was placed in a nail keg half 
filled with Pittsburgh coal dust. Eighteen minutes later small puffs of 
smoke issued from the keg and at the end of 32 minutes the dust smoked 
steadily, continuing to burn even after the lamp had been removed. 

The manager of a large grain elevator in the Northwest reported to 
the Department of Agriculture that the dust which collects on electric 
lamps often smolders and smokes and sometimes ignites and glows. 
He reported further that the dust coating on the globe had been known 
to take fire and drop to the floor, igniting dust there. 

Another elevator company reported that three fires had started in 
the plant within 5 feet of one another at intervals of one hour. As 
various theories concerning the origin of the fire were advanced, a detailed 
investigation was undertaken. It was found that the fires were caused 
by the collection of wheat dust on ordinary incandescent lamps. Appar- 

TABLE XVII. 

SMOKING, MELTING, AND IGNITION TEMPERATURES OF 
CARBONACEOUS DUSTS. 


Name of dust. 

Smoking 

temperature. 

Melting 

temperature.^ 

Ignition 

temperature. 

Differences 
between smoking 
and ignition 
temperatures. 


®F. ®C. 

CJ 

O 

°F. °C. 

“F. »C. 

Sample 2^ 

288 142 


511 266 

233 124 

Sample U 

331 166 


513 267 

182 101 

Sample 4^ 

295 146 


532 278 

237 132 

Sample 3^ 

298 ■ 148 


536 280 

238 132 

Cocoa 

313 156 


558 292 

245 136 

Graham flour 

309 154 

552 289 

883 473 

574 319 

Cornstarch 

284 140 

545 285 

891 477 

607 337 

White wheat flour 

315 157 

507 264 

919 493 

604 336 

Corn meal 

311 155 

527 275 

934 501 

623 346 


1 Melting temperature is considered to be the point at which the dust becomes sticky or congeals 

2 Approximately 22 per cent oats, 20 per cent durum, 40 per cent winter wheat, 10 per cent hard winter 
wheat, 10 per cent miscellaneous. 

* Durum wheat dust. 

* Approximately 40 per cent winter wheat, 35 per cent barley, 25 per cent oats. 

® Approximately 60 per cent oats, 35 per cent winter wheat, 5 per cent rye. 


CAUSES, AND ELIMINATION OF SOURCES OF IGNITION 


77 


ently the dust was ignited by the heat of the globe and fell to the floor, 
where it set fire to dust. The trouble was remedied by the installation 
of double globes on the lamps. 

Experimental Work. 

In the tests conducted in cooperation with the lamp manufacturing 
companies in order to ascertain the danger due to the ignition of the 
dust on the globe more extensive investigations were necessary. Prac- 
tically all of the carbonaceous dusts found in the milling and allied in- 
dustries, some of which are mentioned above, will smoke and give off 


TABLE XVIII. 

BARE LAMP TEMPERATURES.i 


Type of lamp. 

Maximum bulb 
temperature. 

Temperature 
opposite filament. 

Vacuum : 

°F. 

°c. 1 

°F. 

‘’C. 

50-watt 

153 

67 

153 

67 

100-watt 

152 

67 

152 

67 

150-watt 

Oas-filled : 

157 

69 

156 

69 

75-watt 

245 

118 

180 

82 

100-watt 

259 

126 

178 

81 

150-watt 

338 

170 

222 

106 

200-watt 

327 

164 

222 

106 

300-watt 

294 

146 

229 

109 


^ Values are averages of several tests. 


Conclusions from Tables XVII and XVIII. 

Ignition temperatures extra chaffy dusts — 511° to 558° F. (266° to 292° C.), 

Ignition temperatures other dusts — 883° to 934° F. (473° to 501° C.). 

Dust therefore must be raised over 150 Fahrenheit degrees (83 Centigrade 
degrees) to cause ignition. 

an odor if they are allowed to collect on the bulb of a gas-filled lamp. 
This phenomenon was at first considered as indicative of danger because 
smoke was generally interpreted as representing a fire. It was found, 
however, that there is a substantial margin between the smoking and 
ig'nition temperature. This margin may be safe or unsafe, depending 
on the ignition temperature and character of the dusts, and the tempera- 
ture of the heated body on which the dust collects. It is very much less 
ill some cases than in others. Temperature readings of the various types 
of vacuum and gas-filled lamps on the market were compared with the 
ig^nition temperatures of the various dusts found in our industrial plants. 
Tables XVII and XVIII give the temperature readings for representative 
types of lamps, as well as the smoking, melting and ignition temperatures 
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of various dusts. It will be noted that the temperature of the dust must 
be raised at least 150 Fahrenheit degrees above the maximum tempera- 
ture of the bulb to cause ignition. 

Results. 

In an especially constructed chamber in which a continuous dust 
cloud may be maintained it has been possible to start a fire on the 
larger gas-filled lamps with each of the first four samples listed in 
Table XVIL 

The ignition of these dusts is probably due to the fact that the very 
chaffy dusts collect on the globe, where they form a blanket which pre- 
vents radiation of the heat generated in the lamp and raises the tempera- 
ture of the bulb to the ignition temperature of the dust. Some dusts 
seem to melt or congeal and form on the globe a crust which does not 
burn readily. Other dusts apparently do not form a blanket heavy 
enough to cause the temperature of the bulb to be raised to their ignition 
temperature. It is believed, however, that any combustible dust if 
allowed to collect on the lamp in sufficiently thick layers and remain 
long enough will ignite. Under ordinary conditions with the small lamps 
commonly used in our industrial plants and with free circulation of air 
around the globe, it is thought unlikely that a fire will be readily started 
in this way. It is, however, a hazard which should be guarded against. 

Conclusions: It is hoped that those interested in this subject will 
give serious consideration to the improvement of the electrical equip- 
ment in grain elevators and mills, as it is only through such combined 
effort that progress can be made. 

Although this illuminant as it is now generally used is unquestionably 
a hazard, it must be remembered that it is the safest source available, 
and when properly used affords a solution of the problem. The habit of 
using drop cords and portable electric lights is probably the most com- 
mon objectionable practice. 

It must always be remembered that a fire may be started with any 
incandescent electric lamp, vacuum or gas-filled, or for that matter, with 
any device which changes energy from one form to another, if it is oper- 
ated continuously when so surrounded that the heat must accumulate. 
Under these conditions, the continuous accumulation of heat energy, 
the temperature of the surrounding material will steadily rise until it 
reaches a temperature at which the energy is dissipated as rapidly as 
it is supplied, and if this final limiting temperature is sufficiently high, a 
fire may be expected as a natural result if combustible materials are 
present. 

The results of these tests show that no electric lamps should be 
allowed to become thickly coated with dust, first because of the danger 
of fire and second because of the ‘great loss in illuminating value. In 
some cases, lamps actually become buried in the grain, and the hazard 
under such conditions is extremely great. 

There are on the market many types of so-called marine or vapor- 
proof fixtures, which are designed for use in locations where explosive 
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gases are prevalent, or where the fixtures are subjected to moisture. Tests 
have been conducted on a few types of these fixtures to ascertain whether 
the temperature of the enclosing globe is sufficiently low to prevent the 
ignition of dust when gas-filled lamps are used. The tests conducted 
up to the present time indicate that globes having straight sides, which 
tend to prevent the accumulation of dust, and which are of sufficient 
diameter, may be used with gas-filled lamps and yet maintain a tempera- 
ture below the smoking temperatures given in Table XVII. These tests 



This plant at Waukeg-an, 111., was completely wrecked by an explosion of dextrine dust 
on November 25, 1912. Fourteen employees were killed, 19 injured and considerable 

property damage done. 


iiicluded vacuum lamps up to 100 watts and gas-filled lamps up to 200 
watts, and in no case did the final temperature approach to within 75° 
F. (42° C.) of the lowest smoking temperature of any of the samples 
listed. In general, the temperature of the usual exposed type of vapor- 
proof unit is about half that of the bare lamp which it houses and is 
therefore within the range of vacuum lamp bulb temperatures. This 
low temperature is attained at the expense of a higher operating tempera- 
ture of the lamp within the unit; the advantage, however, of lower 
temperature of the exposed surface is obvious. In view of these tests, it 
appears at this time that with properly selected enclosing globes, gas- 
filled lamps up to 200 watts may be used with safety as far as fire is 
concerned. 

All incandescent lamps should be protected against breakage wherever 
there is danger of an explosive dust cloud. Good vapor-proof fixtures are 
a. long step in the right direction and their effectiveness can be increased 
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by the use of a suitable wire guard or other protecting device. The 
point to be remembered is that it should not be possible for the filament 
of the lamp to become exposed to the dusty atmosphere under any 
conceivable condition. 

All investigation should be made of the methods now employed in the 
lighting of grain elevators with the idea of making recommendations 
not only as to equipment which can be safely used, but also as to the 
amount of illumination required. To date it appears that many of the 
dangerous practices, such as the use of open wiring, drop cords, unjiro- 
tected lights, etc., can be eliminated by modern lighting methods. The 
statistics of insurance companies have shown that out of 91,000 industrial 
accidents investigated, 23.8 per cent were due directly to inadequate 
illumination. The hazards of most industries can be greatly reduced 
through proper lighting and the introduction of various safeguards, and 
there is no good reason why similar results should not be obtained in this 
particular industry. For example, statistics available show that six times 
as many fires occur in dirty mills and elevators as in clean ones. 

The incandescent lamp is by far the safest illuminant in existence for 
use in dusty locations, but its application has been given little attention up 
to the present time. Properly installed and properly used, it will be found 
to fill all rec[uirements. 

It should not be necessary here to go into detail regarding methods 
of prevention of electrical causes of dust explosions. The same electrical 
sources of ignition that start fires will start explosions. Various electrical 
codes have been drawn up to insure safe installation and operation of all 
electrical equipment. Too great care cannot be exercised in seeing that 
any electrical equipment is properly installed. But often the fact that 
the equipment will wear out seems to be forgotten, and proper attention 
is not given to it after installation. Motors are allowed to run hot, to 
get dirty and to spark; doors to switch and fuse boxes get broken and are 
not replaced ; extension cords become frayed and the insulation gets worn 
nearly if not entirely through; extension and other lights located where 
they may get broken are used without guards; and dust is allowed to 
accumulate upon the light globes. These are a few of the more common 
lax practices tolerated in many mills. All electrical equipment should be 
kept in perfect order, and none of the above conditions should be allowed 
under any consideration. Electric sparks of all kinds, short circuits, arcs, 
the breaking of incandescent light globes and the blowing of fuses, all 
may ignite dust and cause explosions. 

It has been shown that under certain conditions a fire may result 
from the ignition of the dust which accumulates upon the sides of 
the globes of incandescent lamps. The breaking of a globe in a dusty 
atmosphere may also i^iite the dust and start an explosion. To guard 
against this danger, all incandescent lamps in dusty atmospheres should be 
inclosed in vapor-proof globes of the so-called marine type. These are 
designed for use where explosive gases are present or where the fixtures 
are subjected to moisture. If there is the slightest danger of breakage 
a lamp should be heavily protected, so that it could not be broken even 
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though it received a sudden, hard blow. The incandescent electric lamp 
is the safest lighting equipment in existence for use in dusty atmos- 
pheres, but too little attention has been given to its application, installa- 
tion and maintenance. Properly installed, used and maintained it intro- 
duces only a slight hazard, but the above precautions should be taken. 



An explosion of hard-rubber dust in this plant at Muskegon, Mich., on August 18, 1920, 
killed 9 men and badly damaged the section shown. This type of explosion emphasized 
the importance of adopting effective control methods in industrial plants. 


5. Sparks from Foreign Material in Grinding Machines , — In a large 
number of explosions which have occurred in plants grinding grains, 
spices and other carbonaceous materials, the origin appears to have been 
in the interior of the grinding machine. These explosions, some of which 
are the most disastrous on record, have not been confined to any one kind 
of grinder, but have occurred in practically every type known to the 
authors, in rolls of flour mills, in attrition mills of feed mills and in the 
hammer type of grinders used in various industries. Although in most 
modern mills provision is made for the removal of foreign material, such 
as pieces of metal, stones, etc., either by separators or magnets, at times 
some of it gets by and into the grinding machine. When it comes in 
contact with the grinding surfaces of the machine a series of sparks 
is produced which it is thought ignites the dust and initiates the explosion. 

It was thought that the cause of a disastrous explosion in a feed mill 
in Buffalo, in 1913, could be traced to this source, while in the case of 
another explosion in the same city a few months later there was no 
doubt that this was the cause. In these two explosions many persons 
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lost their lives and several were injured. A few years ago there was a 
very disastrous explosion in a feed and cereal mill in Peterborough, On- 
tario, the cause of which was quite definitely traced to foreign material 
striking the plates of an attrition mill grinding oat hulls for feed. In 
this explosion 17 lost their lives and 16 were injured, and the entire plant 
was destroyed. In October, 1914, one of the authors visited the plant 
of the Postum Cereal Company in Battle Creek, Mich. On reaching the 
flour-milling portion of the plant the head miller said: ‘‘You ought to 
have been here Saturday.” On being asked why, he pointed to a set of 
rolls. He said he had heard something which sounded like a nail or 
screw sliding down the metal-lined spout with the wheat. When it struck 
the rolls an explosion took place under them. The doors were blown 
open and flame shot out 10 feet or more in all directions. As there was 
no dust around to be stirred up and ignited, the flame receded and con- 
tinued to burn under the rolls until the feed was shut off and the mill 
shut down. This incident is given in detail to show what may happen 
and how a disastrous explosion may be initiated. It is possible to deter- 
mine the cause of such minor explosions more readily than it is the 
more disastrous ones for the evidence is not wiped out, or as in this 
case, the one person who saw it start was able to give details of what 
happened. This man said that in his more than 20 years’ experience in 
milling he had not heard of such a thing and that he would not have 
believed it possible if he had not seen it with his own eyes. 

In Department of Agriculture Bulletin 681 there are published the 
results of a co-operative investigation between the Department and Penn- 
sylvania State College to determine the circumstances under which ex- 
plosions might be started in this way. An attrition mill was used and 
nails, flint stones, etc., were fed into the machine along with the product 
to be ground. It was found that a cloud of sufficient density to explode 
was always present within the casing of the machine, and that this could 
be ignited easily by an open flame or an electric arc, but during the 
short duration of each series of tests conditions were not obtained whereby 
an explosion was started from the sparks struck by the foreign material 
going through the plates of the machine. 

This seemed to be one of those things hard to ""make happen” but 
which occur so easily and unexpectedly in normal operation. The mere 
fact that an explosion was not obtained in the tests really proves nothing. 
No doubt many pieces of foreign material pass through grinding machines 
and no explosion results, but as many explosions have happened from 
this cause every precaution should be taken to prevent foreign material 
from entering grinding machines. 

In the handling of grains or other materials, many foreign substances 
such as pieces of metal, nails, bolts, screws, etc., and small stones may 
get into them before they reach the mill. If they are not removed before 
reaching the grinders, the sparks which will be struck as they pass through 
may ignite the dust within the machines, causing explosions. Only "by 
removing completely all foreign materials can explosions from this cause 
be prevented. Although much of this work is done in the various clean- 



Results of an explosion of gluten feed on August 7 , 1910, in an elevator in Granite 
City, 111- The dust was ignited in a grinding machine and the explosion propagated 
through the 10-inch steel trunking shown in the illustration, for a distance of 
approximately 375 feet, to the top of the elevator where the explosion occurred. Two 
men were killed and 7 injured. 
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ing processes to which the product to be ground is subjected, it some- 
times is not possible to remove all foreign substances. Magnetic sepa- 
rators should be installed just ahead of the grinders to remove the last 
of the metallic particles. Even these might allow a piece of material to 
get by if it should be riding on top of the stream of grain or other 
material so that the magnet could not pull it down through the interven- 
ing material. In order to be wholly effective in removing the metallic 
substances, the stream running over the magnets should be so thin that 
■each piece of metal could come in contact with the magnetized surface. 

Most of the small stones and the non-metallic material will be re- 
’ moved in the cleaning devices, but, as in the case of the metallic sub- 
stances, some may get by. One of the best ways to remove these is by 
air separation. Being heavier, as a rule, than the product to be ground, 
this material will fall out if an air current is used to carry the product 
•over a depression or opening. One method of air separation is to blow 
the product into a bin several feet away from the air conveyor and to have 
a smaller bin between into which the heavier materials will fall, Another 
method is to allow the product to drop straight down through a semi- 
circular or rectangular shaped pipe and to have sufficient suction in a 
similar pipe adjoining to draw it up again, while the heavier material 
drops out at the bottom. This method has the advantage of creating less 
dust but, on the other hand, less product can be handled in any given 
time. It is evident that some method of air separation should be installed 
in every mill in which the grinding of inflammable materials is carried 
on. It is only by the complete removal of all foreign materials that 
•explosions from this cause can be prevented. 

6. Static Electricity . — Too little attention has been given in the 
past to the presence of static electricity in our industrial plants, and 
especially where inflammable material, as dust, is present. This static 
electricity is generated frequently around grinding, cleaning and other 
types of machines, as well as by the friction of pulleys and belts. The 
sparks produced may ignite the dust in suspension or other inflammable 
material about the machinery and initiate a primary explosion or fire 
which may develop or spread into one of large proportions. Later chap- 
ters will discuss explosions and fires which have been started in industrial 
plants, threshing machines and cotton gins from this source, and the 
subject of static electricity as a cause of explosions has been deemed 
of sufficient importance to demand a separate chapter. Consequently 
it will suffice at this point to mention the fact that it is a cause which 
must be seriously considered, especially where the more inflammable and 
the finer and dryer dusts are present. 

It will be enough to state that discharges of static electricity will 
ignite dust clouds under certain conditions and cause explosions so that 
a hazard exists wherever static electricity may be generated in the 
presence of a dust cloud. The best way to prevent this hazard and 
resulting explosions is to remove or neutralize the static electricity as 
fast as it is generated so that a discharge will not occur. One method 
which has been suggested to remove the charge, humidifying the atmos- 
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phere, is based on the fact that static electricity accumulates in largest 
quantities in a dry atmosphere, and that the charge easily dissipates itself 
into a humid atmosphere. Although this method has some advantages, 
it is not recommended for use where dust clouds are present in industrial 
plants. 

If a direct connection is made between the ground and the portion 
of the machinery where static electricity is generated, the charge will be 
conducted away to the ground as fast as it is generated. However, a 
thoroughly good ground connection must be made to be effective, and 



Damage caused by an explosion in an elevator at Weehawken, N. J. The explosion 
apparently originated in a steel storage bin, blew off the tile and cement top and 
propagated throughout the cupolas, blowing out the tile walls and causing the damage 

shown. 


it is advisable to make at least three so that if one should become inopera- 
tive, the other connections would take care of the charge. (For methods 
of grounding, see chapter VTI.) Friction, between some materials 
creates a positive charge while between others it creates a negative charge. 
Advantage of this fact is taken in preventing static electrical charges 
from accumulating on balloons and aeroplanes. They are coated with 
certain preparations so that both charges are generated in equal quanti- 
ties and neutralize each other. The same principle has been applied in 
making some belt dressings. It is also possible to neutralize static elec- 
tricity as rapidly as it is generated by the use of a high frequency elec- 
trical current which with proper equipment will charge the air with 
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negative and positive electricity, and so neutralize either charge as it 
is generated. 

Just what method of removing the static electrical charge is decided 
upon depends altogether upon local conditions but, under any circum- 
stances, it should be removed wherever it is possible for a dust cloud 
to form and a discharge to occur. 

7. Choke-Ups and Friction in Elevators . — Many explosions, par- 
ticularly in grain elevators, have been caused by choke-ups in the leg 
and by friction developed in the elevator, usually as a result of mis- 
alignment of the belt. When a choke-up occurs the belt stops but the 
pulley in the head continues to run. The friction between the belt and 
the pulley produces intense heat and the belt will begin to burn. This 
may be only a coal ai first but it may burst into a flame. In either case 
the ever-present dust in the leg becomes ignited and an explosion results. 
Or, as in the case of the explosion in the government elevator at Port 
Coiborne, Ontario, it may be that the dust has settled by the time suffi- 
cient heat has been developed to ignite it. In that event the belt will con- 
tinue to burn, as it did in this case, until it becomes so weakened that 
it will separate and fall down the legs of the elevator. The dust is stirred 
up by the falling belt and ignited by the coals or flame at the burning 
ends of the belt. At Port Coiborne this thing probably would not have 
happened if the choke had occurred at any other time than just before 
the noon hour for someone would have been near the elevator head and 
would have noticed the smoldering of the belt in time to have extinguished 
it before the belt was sufficiently weakened to separate, as it was an 
hour and a quarter after the choke-up occurred before the belt parted 
and the explosion happened. In a somewhat similar explosion in an 
elevator in Baltimore, one of the elevators became choked. Before the 
choke was located, sufficient friction had developed so that the belt took 
fire, weakened and broke, stirring up a dust cloud which was ignited by 
the belt. A disastrous explosion resulted. 

Even though a warning may be given, it sometimes happens that it 
is not heeded by the employees. This was the case in an explosion which 
occurred in an elevator in Brooklyn, N. Y. Men working on the next-to- 
the-top floor noticed the odor of burning rubber. They decided to wait 
until they had finished running the rest of the bin on which they were 
working. They finished it and then went to the top floor to locate the 
trouble. The smoke seemed to come out of one of the elevators and on 
opening the hand hole it was found that the belt was way over on one 
side. The men then started downstairs; one of them had gone but a 
few steps when an explosion occurred in this elevator, blowing off the 
head and stirring up and igniting the dust in the tower, causing the sec- 
ondary and more disastrous explosion. As a result of this and the fire 
which followed, the entire elevator with over 800,000 bushels of grain 
was destroyed. 

This danger exists in the operation of all elevators. Therefore, great 
care should be exercised at all times to see that no friction can occur, 
and that in case of a choke-up the driving force will be shut off as soon as 
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possible, preferably automatically, and the belt examined thoroughly to see 
that it has not become heated before starting again. 

In the operation of elevators it is not uncommon to have the belt 
become overloaded. This may be caused by overfeeding of the elevator, • 

or, as it is often expressed, to back -legging. That is, the material is not ' 

carried over into the discharge spout but falls down the back leg where i 

it has to be elevated again. It has the same effect as overfeeding. If this t 

overload is not noticed and the excess removed the belt will begin to | 

slip. It will then slow up and finally stop. But the head pulley will con- 



An explosion in a grain elevator in Galveston, Tex^ on March 30, 1914, in which there 
was comparatively no fire damage. The explosion traveled over the top of the bins 
and blew out the sides of the structure. 


tinue to run and create such friction on the belt that it may soon take fire 
unless the pulley is stopped or the choke-up relieved so that the belt can 
start. If the belt has begun to smolder or has taken fire an explosion may 
occur as soon as a dust cloud reaches the coals or flame. Choke-ups are 
bound to occur occasionally in any elevator and they introduce an im- 
minent hazard. To relieve the choke instantly or to stop the elevator 
completely until it has been cleared enough to start easily is imperative. 
This means that constant attention must be given to the elevators, or that 
there must be some automatic method of shutting off the power so that 
the head pulley is stopped as soon as the belt stops. 

There is considerable objection among elevator operators to any de- 
vice which will automatically shut off the power in case of a choke-up 
because it is thought that time and work can be saved by making the 
elevator '‘plow through’' the choke. This may be true but it is done at 
great risk. However, the objection is so strong that the problem must 
be approached from the other direction, that is, by relieving the choke 
so that the elevator can handle the load and get back to normal operation. 
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A method having considerable merit is the installation of a signaling 
device which will automatically notify the operator when the belt begins 
to slow up, indicating the start of a choke-up. One simple contrivance 
consists of a piece of leather put into the front casing of the front-leg 
in such a way that the buckets strike one end of it in passing and cause 
a vibrating of the end outside of the casing, the rate of vibration indicat- 
ing the speed of the belt. Another device rings a bell and turns on a red 
light when the belt begins to slow up. Although more elaborate and 
expensive, the latter method is much more effective as it will call the 
attention of the operator to the impending trouble and will also allow him 
time to do something else besides watch the elevators. However, a device 
of this sort must be installed in such a manner that it not only calls at- 
tention to the fact that trouble is starting but it must indicate its exact 
location. 

One large elevator has an installation which seems to be effective in 
preventing choke-ups in its elevators. Connected to the shaft of the idler 
pulley is a device which prevents the starting of the conveyor belt carrying 
material to the boot of the elevator until the elevator is running at normal 
speed. When, in slowing up, the elevator belt reaches a certain speed the 
power driving the conveyor belt is shut off, stopping the belt, and a signal 
is given to the operator indicating the location of the trouble. He can 
then start the conveyor after the elevator has cleared itself and is running 
normally. An installation of this kind is one of the best safeguards 
against choke-ups known to the authors. 

To prevent choke-ups caused when the elevator discharge spout be- 
comes filed and the material falls down the back leg, different types of 
non-chokeable elevators have been designed by elevator and mill furnishing 
companies. The elevator of the type shown in Fig. 15 is a combination 
■ of the Hall non-chokeable boot and the Gump non-chokeable turn-head. 
It will be noticed that it is not essentially different from the usual type of 
elevator, except that it has two discharge spouts. As a usual thing tlie 
material is discharged through the lower spout, but when this becomes 
filed the other spout will return it to the elevatoi* boot. 

Besides guarding against choke-ups in elevators, care must be taken 
so that friction does not occur when the belt gets out of alignment and 
rides on one side of the head pulley. In such cases the friction between 
the belt and the casing of the elevator head may cause an explosion. As 
many disastrous explosions have started in elevators, every precaution 
should be taken to prevent choke-ups and friction and all other possible 
sources of ignition. 

SUMMARY. 

A number of definite causes of dust explosions and methods of elim- 
inating the sources of ignition have been established. These have been 
discussed briefly, and the causes may be summarized as follows : 

(1) Smoking and carrying of matches in the plants. 

(2) Use of open flames and lights, such as torches, gas lights, lan- 
terns, candles, etc. 
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(3) Small-scale fires caused by general sources of ignition which 
may come in contact with a cloud of dust in the plant. 

(4) Electrical causes, such as sparks from motors, fuses, switches, 
short circuits, the breaking of incandescent lights and the firing of dust 
accumulated on the lamps. 

(5) Sparks struck by foreign material going through the grinding 
machine. 

(6) Static electrical discharge. 

(7) Choke-ups and friction in elevators. 


CHAPTER IV, 


PREVENTION OF EXPLOSIONS BY CONTROL 
OF EXPLOSIVE MIXTURES. 

As the requirements for an explosion are a proper mixture of dust 
and air and a source of heat sufficient to ignite the dust, it follows that 
to prevent an explosion it is necessary to remove all possible sources of 
ignition or to prevent a proper mixture of the dust and air. In many 
cases either may be very hard to accomplish entirely, as, for instance, in a 
grinding machine where it would be necessary to find other means of 
prevention. The dust can not be removed or kept down and the spark 
may get in, but there is still another factor which may be altered. That 
is the air. It is the oxygen of the air which unites with the dust in the ex- 
plosion. Consequently, if it were possible to remove or sufficiently reduce 
the oxygen of the air an explosion could not occur even though the usual 
percentage of dust to form an explosive mixture were in suspension and 
a source of ignition were present. 

Explosive Dust and Air Mixtures. 

Though every possible known precaution has been taken to prevent 
the causes of explosions, the unexpected may happen and the preventive 
measures may be ineffective. The spark or flame at the most unexpected 
place causes an explosion if a dust cloud is also present. The formation 
of the dust cloud must be prevented or it must be made of such propor- 
tions that it is not explosive. It would not be practicable to try to main- 
tain a cloud so dense that the explosive limits were exceeded, for when 
starting up and shutting down the plant, or at times when the flow was 
not normal, the percentage would change and pass through the explosive 
limits. At such times the spark or flame might occur and an explosion 
result. It may not be possible in certain manufacturing processes to keep 
the cloud light enotigh to be under the explosive limits, as, for instance, 
in grinding machines, but it is possible to keep the dust out of the plant, 
and to decrease the amount of dust in suspension at the various points 
where it is created. 

Many operators say that their plants are clean, or as clean as it is 
possible to keep them, when it is not possible in some parts to see more 
than a few feet on account of the dust in the air, or several inches of 
dust have been allowed to settle everywhere. On the other hand, plants 

ni 
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carrying on the same business and using the same methods of manu- 
facturing or handling products will have no dust in the air and there will 
be no visible accumulations about the plant. This difference is due en- 
tirely to difference in equipment and in the ideas of the operators. With 
machinery properly operated and tightly inclosed so that the dust cannot 
get out into the atmosphere and reasonable care on the part of the oper- 
ators it is possible to maintain a clean plant. 

Wherever dust is created in a manufacturing plant a small amount 
of it will get out into the atmosphere of the mill and gather on floors. 



An explosion of flour dust in a mill in Bea.trice, Neb., on September 22v 1914, believed 
to have been caused by the strikingr of a match in a flour bin. 


walls and ledges in spite of every precaution. If it is allowed to accurnu- 
late even in small quantities a hazard is present, for the primary explosion 
may start at^a point where the dust is made and get out into the surround- 
ing atmosphere, stirring up the accumulated dust and propagating through 
it. If there is no accumulation of dust and the plant is perfectly clean 
the explosion cannot propagate and the plant will not be destroyed. 

Several methods for keeping dust out of plants are in use and others 
have been suggested. If it were possible to remove and collect the dust 
from the points at which it is created, much could be accomplished in 
keeping plants clean and in preventing the spread of explosions. For 
instance, in the operation of a grain elevator, dust is thrown^ into the 
atmosphere wherever there is a throw of the grain. If a suction could 
be placed at such places, to remove and collect the dust, the elevator could 
be kept much cleaner, and the operating conditions would be greatly 
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improved.* In fact, the installation of some type of aspirating system to 
remove the dust at its source is of the greatest importance. It ^vill not 
only help to keep it out of the atmosphere of the plant, but it will decrease 
the percentage of dust in the atmosphere at the point where it is created, 
thereby weakening the mixture of dust and air so that, if properly in- 
stalled and operated, it will prevent an explosion from starting at that 
point. 

Considerable objection has been offered to such an installation in a 
grain elevator, especially at points ahead of the scales, because it is 
thought that the suction would remove dust from the grain and decrease 
the weight, and also that it could be subjected to considerable abuse. 
Anything is subject to possible abuse, but regulations for controlling the 
amount of suction could be enforced and the system operated under 
proper supervision. It is not advocated that a suction sufficiently strong 
to remove all the dirt from the grain be installed, although it would have 
many advantages, but it should be strong enough to draw away the light 
dust which is raised and which would naturally float into the air. Such 
systems have been installed in some places but the operators have not 
been allowed to use them on account of the above objections. The bene- 
fits to be derived from a properly installed and operated aspirator system 
far outweigh the objections, as it insures better working conditions and 
a cleaner, safer plant. 

In most industrial plants push brooms are generally used for re- 
moving the dust collected on floors, beams, etc. The dust is swept up 
into piles and either removed by hand or brought up to a suction sweep, 
which is an opening through which it is carried by suction to a collector. 
It is not possible to sweep a plant perfectly clean, for the dust which is 
always raised floats in the air and finally resettles on places already swept. 
Careful sweeping does not stir up much dust but the usual sweeper is 
none too careful. 

This objection, together with the efficiency of vacuum sweepers and 
cleaners, has been largely responsible for substitution of these for the 
broom in the home. The development of an efficient vacuum sweeping 
or cleaning system for industrial plants would fill just as big a need and 
desire for cleanliness in industry as it has in the home. Some progress 
has been made along this line, but up to the present time, so far as is 
known to the authors, an altogether efficient, practical and durable vacuum 
system has not been developed or installed in any industrial plant. 

Dust collection and removal is one of the most important phases of 
explosion prevention, for explosions cannot occur nor can they propagate 
through a plant where there is no dust to be stirred up to feed the flame 
of the explosion.* A full discussion of this subject has been reserved 
for a later chapter where the various methods of collection will be treated 
separately. 

Inert Gases. 

It has been stated in a previous chapter that there are explosive limits 
of dusts as of gases, or, in other words, that it is possible to have too 
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weak as well as too strong a mixture of dust and air, and that the most 
explosive mixture lies between these two limits. While this statement 
is altogether true when applied to air as such, in reality it is the propor- 
tion of dust or gas to the oxygen of the air which controls the explosive 
limits. This can easily be seen in the method which the Bureau of Mines 
(page 22) uses to determine the relative inflammability of coal dust. 
Oxygen is used to insert the dust, thereby increasing the inflammability 
of the samples. As an increase in the amount of oxygen means that the 
explosive limits of the dust and gas mixture would be increased, so a de- 
crease of the amount of oxygen means that a point would be reached 
where an explosion could not be initiated. 

It is not possible to decrease the oxygen of the air in an industrial 
plant nor is it practical from an operating standpoint. However, there 

are certain machines 
and equipment in 
most plants in which 
it should be possible 
to change the compo- 
sition of the atmos- 
phere and so to main- 
tain it that even 
though dust and a 
spark or flame should 
be present at the same 
time, a dust explosion 
could not occur. A 
series of laboratory 
determinations was 
made to establish the 
per cent to which it 
would be necessary to 
decrease the oxygen 
content of the air be- 
fore an explosion was 
impossible. For this 
work the laboratory 
apparatus, already de- 
scribed on page 25, 
used for determining 
the relative inflamma- 
bility of various 
dusts, was adapted. 
The globe was filled 
with atmosphere con- 
taining various per- 
centages of oxygen, carbon dioxide and nitrogen, the nitrogen always 
being 79 per cent and the mixture of carbon dioxide and oxygen mak- 
ing up the other 21 per cent. Several dusts were tested and the re- 
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suits are shown as curves in P'igure 16. It will be noted that in each 
case as the oxygen content of the atmosphere was decreased the pres- 
sure created by the ignition of the dusts also decreased. In the case 
of the Pittsburgh coal dust, when the oxygen content of the atmosphere 
was reduced from 21 to 16 per cent only about 1/10 of a pound per 
square inch pressure was registered in the slight ignition of the dust. 
With elevator dusts, a very low pressure was generated when the oxygen 
content of the atmosphere was reduced to 14 per cent, while in the case 
of dextrine and starch it was necessary to reduce the oxygen to 12 per 
cent before ignitions could not be obtained. 

As it is always possible to obtain finer adjustment and more accurate 
results in laboratory tests than in actual working conditions, arrangements 
were made to conduct large-scale experiments at an industrial plant. In 
the possible adaptation of this method to prevent explosions, one of the 
first considerations would have to be the source of this air deficient in 
oxygen, or so-called inert gas. Most plants have some power system and 
usually one or more boilers. The stack gases from efficiently operated 
boilers should not contain more than 8 to 10 per cent of oxygen and it 
has been found in some cases that the percentage is much lower. As 
there would be objection to the use of these flue gases in the manu- 
facture of food products, since they contain impurities such as sooty ma- 
terial and sulphur dioxide, it was necessary to test out different methods 
of purifying this gas before its use could be recommended. After sev- 
eral trials it was found that an ordinary coke scrubber with a spray o£ 
water running in counter-current down through the scrubber against 
the upflowing gases was very efficient in removing the impurities. As 
high as 95 per cent of the sulphur dioxide could be removed easily and 
all of the soot was taken out. 

While it would be proposed to use inert gases primarily in grinding 
systems, it was hardly practical to operate such a unit in an experimental 
way because of the large quantity of material which would be needed. 
Consequently a small screening and conveying unit, in which dust was 
thrown into the atmosphere at almost every point, was built, but on a 
site some distance from the plant because of the danger of making such 
experiments in a mill during normal operation. This unit consisted of a 
full-sized cylindrical reel covered with copper gauze and discharging into 
the screw conveyor which in turn discharged into a single-leg elevator. 
This carried the material to another screw conveyor which discharged 
the product into a small hopper that fitted into the reel. As, normally, 
a reel casing is not very tight, it was necessary to cover the casing and 
make the entire system as nearly gas tight as possible before tests were 
started. The distance between the unit and the boilers prevented the use 
of the stack gases in these tests; besides, gas mixtures of much lower 
oxygen content were desired. Consequently a small furnace was set up 
near the equipment, in which it was possible to regulate the valves to 
obtain any desired efficiency in combustion and consequently any desired 
percentage of oxygen and carbon dioxide in the stack gases. These gases 
were then led into the boot of the elevator and the top of the reel housing. 
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As a source of ignition, heating coils made from nichrome wire were 
mounted in a small asbestos-lined metal box with the sides left open. 
When it was found that the product accumulated on the coils the sides 
were closely covered with paper pasted near the coils, which burned off 
when the current was turned on and exposed the hot coils to the dust in 
the atmosphere. In conducting the tests the apparatus was started and 
the gases were forced into the system until the desired mixture was ob- 
tained. _ The current was immediately turned on the ignitor and if the 
oxygen content was sufficiently high an explosion always resulted. It 
will be noted in Figure 17, that the ignition coil was placed sometimes 
under the reel and sometimes in the elevator. When in the elevator, it 
was placed a short distance above the lower pulley, at a point where there 
was a heavy dust cloud. A glass was placed on the outside of the ele- 
vator so that the behavior of the dust around the coil could be observed. 
In all tests dextrine or starch or mixtures of them were used. 

It was found in every case that when the oxygen content was more 
than 15 per cent an explosion would be obtained in the system, but when 
it was between 15 and 17 per cent the explosion was not very intense — 
at^ least sufficient pressure was not developed to damage the system in 
any way. In all tests where less than 14 per cent of oxygen was present 
no ignition was obtainable, but when the oxygen content was about 14.6 
per cent a tonguing-out of the flame from the igniting coil was noticed, 
but there was no propagation of an explosion. As a result of these tests 
it is believed that the maintaining of an atmosphere of less than 14 per 
cent oxygen in any grinding or grain-handling system will prevent ex- 
plosions. However,, it is recommended as a margin of safety that an at- 
mosphere of less than 12 per cent oxygen be maintained. 

In Figure 18 is shown a sketch of a possible installation for the use 
of inert gas in a grinding system. It will be noted that the gas is drawn 
from the stack, passed through a scrubber, blower and moisture traps, 
then through an orifice box or some other device for measuring the flow 
of gases, and thence to the various parts of the equipment. The gas is 
conducted into a grinder along with the grain, then into the various con- 
veyors to the elevator and bin, and the latter is vented to the outside air. 
It is probable that in an ordinary mill there would be sufficient ventilation 
so that the amount of gas necessary to maintain an inert atmosphere could 
be allowed to escape into the air of the mill without affecting its purity 
enough to harm the employees. With such a system installed it should 
first be determined that the stack gases are always uniform, and that 
they never contain more than 12 per cent of oxygen. While the large- 
scale tests have shown that explosions will not start in atmospheres 
containing less than 14 per cent of oxygen, a margin of 2 per cent is none 
too much for safety. In order that uniformity may be maintained, and that 
a record may be kept to show the amount of oxygen in the system, the 
installation of a carbon dioxide recording apparatus is advisable. While 
this will not give the oxygen percentage direct, it may be obtained by 
difference, as the stack gases always contain about 20 per cent of the 
mixture of carbon dioxide and oxygen. 



Fif. 18 . — Inert Gas InstallatiQu in a Grinding System. 
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One objection which has been raised to the installation of such a sys- 
tem is the presence of carbon monoxide in the flue gases. According to 
the tests which have been made thus far, however, the authors do not 
believe that this gas would get into the atmosphere of the mill in sufflcient 
quantity to trouble the employees in any way. With 10 to 12 per cent of 
oxygen remaining in the stack gases, the percentage of carbon monoxide 
is very low, usually considerably less than one-half of one per cent, and 
with the comparatively small amount of the stack gases that would be used 
throughout the system the accumulation of this gas in the atmosphere 
would be almost negligible. 

Another objection which has been raised to the use of this method 
of prevention is its possible effect upon edible products such as flour, 
etc. To determine any effect of impurities upon these materials, washed 
and unwashed flue gases were passed into the system. AVith the washed 
gases no effect was shown upon dextrine or starch. A more thorough test 
was made with unbleached flour bought in the open market. This was 
kept in agitation in a revolving barrel with the stack gases passing through 
the barrel for varying lengths of time. At half-hour periods the tumbling 
of the barrel was stopped, and a sample of the flour was removed. The 
operation was then continued, each time increasing the impurities in the 
gas and gradually allowing those absorbed by the flour to accumulate. 
Results of the tests are shown in Table XIX. 

It will be observed that in no case was there any bleaching effect on 
any of the flour samples, showing that in the most impure flue gases 
there was not sufflcient sulphur dioxide present. However, if the gases 
were not well washed the flour absorbed some of the impurities and took 
on a tarry odor which became more pronounced as the impurities in the 
gas were increased, until in the last samples, where the gas was not washed 
at all, it was ver}^ strong. Traces of soot were also found in the last 
sample. 

It is evident that if there was arsenic in the gases, it was not present 
in quantities large enough to affect the purity of the flour. The amount 
of sulphur dioxide absorbed was also very small, being 0.0025 of one per 
cent in the last and most impure sample and not over 0.0013 of one per 
cent in any of the other samples. This amount is not sufflcient to affect 
the flour as a food product. 

In further demonstration of the effect of flue gases on flour, baking 
tests were made with seven of the samples which were analyzed. Plates 
III and IV show the loaves which were made from these samples com- 
pared with a standard untreated sample. In plate No. Ill, the standard 
loaf is unnumbered. In plate No. IV the loaf shown on the left was made 
from sample No. 10 while the standard is on the right. A study of these 
photographs shows no marked difference in the size and texture of the 
loaves, indicating that the gases did not greatly affect the flour. It may 
be noted, however, that there is a difference in color in the last samples, 
due to the presence of soot or tarry impurities from the gases. 
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Expansion tests were also made on these samples. All of them up to 
S stood up as well as the standard, but Nos. 6, 7, 8 and 10 went down 
in the inverse order, No. 10 going down first. This would indicate that 
the gluten was affected by the gases, but not seriously so until after their 
presence was made noticeable by the color and odor of the flour. 

As a result of these tests and analyses it appears that if the gas is 
washed so as to remove all of the soot and tarry matter and most of the 
sulphur dioxide it will not affect the purity of the food products with 
which it comes in contact. 

It is fully realized that such a system has certain limits and that there 
are certain parts of a plant in which it could not be utilized, as it might 
not be possible to maintain an inert atmosphere, as, for instance, in the 
dust-collecting system. However, it should be possible to utilize inert 
gas in preventing the propagation of an explosion which might be started 
either inside or outside of the system. To determine the possibility of 
doing this, tests were made, using a gallery of galvanized iron 100 feet 
long and 2 feet in diameter. This gallery was filled with dust from hop- 
pers by means of air jets, and then the dust was ignited at one end by 
burning waste. A tank was placed about 60 feet from the igniting end 
of the gallery and from it two pipes ran into the opposite sides of the 
gallery. The tank was equipped with a quick-relief valve which was held 
closed by a trigger device connected with a tight wire running through 
and near the top of the gallery. This wire carried fusible links, which 
when fused by the heat of the explosion would cause. the sudden opening 
of the relief valve and the escaping of the inert gas^ into the gallery. 
In all cases when a link 40 feet or more ahead of the gallery was fused 
the gas escaped into the collector in sufficient time to be ahead of the 
flame and to smother it. Many tests were made with this system and it 
was possible to reproduce these results whenever desired. 

It is believed, as a result of these two series of tests, that the use of 
inert gas in preventing explosions and also in stopping their propagation 
is altogether feasible. 

Prevention of Explosion Propagation. 

Reference has already been made to the fact that it is not the primary 
explosion which causes the greatest destruction in industrial plants, but 
it is the secondary explosion which propagates through the dust which has 
accumulated at various points, and that this secondary explosion may be 
prevented by keeping the plant clean. However, there are certain places 
in industrial plants where an initial explosion may propagate through the 
normal channds of operation to a large container, as a bin, and an ex- 
plosion of large proportions occur that will wreck a substantial part of the 
plant. A number of means of prevention of this propagation have been 
suggested. Most of these apply to installations in connection with grind- 
ing equipment, as a great many explosions start in grinding machines. 

The first thing to be considered in the installation of all equipment 


^Carbon dioxide was used instead of stack gases. 






PREVENTION BY CONTROL OF EXPLOSIVE MIXTURES. 


103 


which is to be used in grinding or pulverizing carbonaceous material is its 
location in the plant. It should be placed in a separate building or in a 
section of a building which is entirely detached from the packing, storage, 
or shipping rooms, so that an explosion which starts in the grinding 
equipment could not propagate throughout the entire plant. Suggestions 
have already been made for the installation of equipment to remove all 
foreign materials and to clean thoroughly the product going into the mill 
so as to minimize as much as possible the chance for explosions from 
such causes. Reference has also been made to the grounding of the ma- 
chines so that all static electrical charges will be removed. Even with 



PLATE IV. 

Photogrraphs of Bread made to show effects of Flue Gases on Flour. 


these precautions, explosions may start in the grinding machines and 
steps should be taken to prevent their propagating. Among the means of 
prevention may be considered revolving dampers, choke conveyors, vent 
pipes, relief valves and automatic releasing doors at various points in 
the system. 

Some device which will at least help to stop the passage of the ex- 
plosion through the conveying system should be placed close to the grind- 
ing machine. One device which has' been tested is a so-called revolving 
or explosion-damper. Results have shown that the installation of one such 
damper in a system will stop the passage of a number of minor explosions 
and that two dampers in series will prevent the propagation of most 
explosions, although a few did get by the second damper. Another de- 
vice, a so-called choke conveyor, is one in which a number of the flights 
have been removed at the discharge end so that the material being con- 
veyed will fill up the conveyor and will feed out through the opening 
ohly by being crowded by the other material coming along behind it. This 
will also check the explosion. With either of these installations it is ad- 
visable to put a vent pipe between the grinding machine and the con- 
veyor. 

One suggested installation is shown in Figure 19 and another in 
Figure 20. It will be noticed in the first that two explosion dampers are 
installed, one directly under the attrition mill and one at the end of the 
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first short conveyor, and that there is a vent pipe to the outside air on the 
conveyor between these two dampers. In the second case, the revolving 
damper is placed ahead of the conveyor which has been made into a choke 
conveyor. A vent pipe is situated just in front of the revolving damper. 
It might be well to have another on the conveyor. These vent pipes 
should be as straight as possible so that there may be no obstruction to the 
passage of the explosion to the outside air. In case an explosion should 
get by these devices or in any way get into the conveying system, a relief 


Material 
TO BE Ground 



Use of Dampers and Vent Pipes in Grinding: Systems. 


valve or automatic releasing door as shown in Figure 21 will help to 
prevent the passage of the explosion further through the system. It will 
be noted that this consists of a hinged bottom on a section of the con- 
veyor, which normally is held in place by ropes attached to fusible links 
within the conveyor. As the flame of an explosion reaches these fusible 
links they will separate, allowing the valve to open, and the explosion to 
vent itself into the surrounding atmosphere. 

The usual method of operation in a feed mill is to convey the material 
to a fairly large bin, then to sack it as it may be convenient or necessary. 
When ground material is being run into an empty bin it is always filled 
with dust and an explosion of large proportions will result in case any 
flame or spark gets into it. Explosions of this sort could be decreased 
to a great extent if small sized bins were used to receive the material 


PREVENTION BY CONTROL OF EXPLOSIVE MIXTURES. 


105 


from the grinding machine and the ground product were sacked as fast 
as made. An installation of this kind has been found not only practical, 
but valuable as an explosion and fire-preventive measure in several mills, 
and it is highly recommended. 

A number of explosions which have started in various parts of in- 
dustrial plants have been propagated to other sections of the plant through 



A Partial Choke 

Fig. 20. 

Use of Dampers and Vent Pipes in Grinding Systems. 

dust-collecting systems. The use of inert gas has already been suggested 
as a possible means of prevention of the propagation of explosions 
through such systems. The German patents Nos. 218717 and 221637 
describe a device with improvements for preventing the propagation of 
an explosion through such a system by the use of inert dust. A series of 
tests was made with a device^, Figure 22, similar to that described in 
these patents, to determine its effectiveness. 


^ In the apparatus as constructed, pipe a in the drawing Figure 22 was 4 
inches in diameter and box I? was 14 inches long by 6 inches wide and 11 inches 
high. The box holding the inert dust was above valve c/ and was 6 feet from 
the box, b. The apparatus is also shown in photograph in Figure 23. It will 
be noticed that the box holding the inert dust is at the extreme right of the 
photograph. At the left is shown a small hopper connected to a Y in the pipe 
a at a distance of 10 feet from the box h. Valve d is held closed and valve 
e is held open by a weight attached to arms outside of the box. In Figure 22 
it will be noticed that the clamp h is connected to the valve d but in the apparatus 
as tested this clamp was connected to valve^ e as it was thought that it would 
operate first and so open the valve g more quickly. 
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In making the tests a cloud of starch dust was blown through the ap- 
paratus, passing through and under valve e and on through the system. 
The dust was then ignited through an opening some distance back of this 


CEILING 



Fig. 21. 

Device in Conveyor to Divert Contents in Case of Explosion or Fire. 


valve and the explosion would propagate throughout the entire length of 
the system if connection was not made between the valve e and the clamp 
holding the valve under the chamber containing inert dust. Tests were 



Fig. 22. 

German Patent for Prevention of Propagation by Inert Dust. 


made with inert dust in the chamber above valve g and also with this 
chamber empty but with the valve so weighted that it would drop quickly 
and close the pipe. Fully 50 tests were made in the two series and at no 
time did the flame go beyond the point closed by valve g provided inert 
dust was in the chamber above this valve. In a very few cases where 
no inert dust was used a small amount of flame passed on through the 
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system but most of the force of the explosion was diverted up into the 
chamber above valve g and through the opening c. So far as known 
there is no installation of this kind in this country, but the tests indicate 
the possible adaptation of inert dust, which has proved effective in pre- 
venting the propagation of explosions in mines, as a means of prevention 
of the propagation of explosions in conveyor systems in industrial plants. 



Fig. 23. 

German Patent for Deflecting Explosions. 


Protective Regulations. 

To protect employees against the hazards of dust explosions, certain 
regulations have been put into force by some of the states and by foreign 
governments. As early as 1914, the Industrial Board of the Department 
of Labor of New York State drew up one of the first preliminary codes 
of rules to be applied in the United States. About a year later a similar 
code was drawn up by the Industrial Board of the Pennsylvania Depart- 
ment of Labor and Industry. These two codes are almost identical and 
include regulations covering the following matters : 

(1) New construction. (2) Openings from boiler and engine 
rooms. (3) Methods for heating and grain tempering. (4) Location of 
lieating furnaces. (5 ) Location of electric generator sets. (6) Methods 
•of illumination. (7) Providing belt conveyors with exhaust for dust 
Temoval. (8) Covers on grain garners and weighing hoppers. (9) Re- 
moval of foreign material from grain before entering grinding machines. 
(10) Elimination of dust or stive rooms. (11) Piping of exhaust sys- 
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terns. (12) Dust removal. (13) Carrying* of matches, cigar lighters or 
devices for lighting. (14) Providing chemical extinguishers. 

Regulations in Great Britain. 

A series of disastrous dust explosions in the British Isles in 1911 
resulted in the development of the following recommendations by H. M. 
Inspector of Factories for application in grain storage warehouses and 
other places where carbonaceous dust is generated in dangerous quantity, 
whether in manufacture, storage or transport. The first three of the 
recommendations apply to the construction of new premises : 

(1) Rooms used for the purpose should not have other rooms 
above them, nor should they be adjacent to higher buildings which 
would be affected in the event of an explosion. 

(2) The roof should be such as to offer little resistance in the 
event of an explosion. 

(3) There should be no open beams, girders or other ledges, 
or projections on which dust could lodge. 

(4) The floors, walls, machinery, appliances and any ledges, 
as above, should be cleansed from dust daily — preferably by a suction 
cleaner. 

(5) Under- ground rooms are unsuitable for disintegrators or 
other grinding machinery. 

(6) All grinding and mixing machines, hoppers, elevators,, 
worms and conveyors (other than belt conveyors — see below) should 
be so constructed as to prevent the escape of dust, and preferably 
provided with exhaust draught. Belt conveyors should be provided 
with exhaust draught and adequate appliances for interception and 
removal of dust at the points where they are filled and discharged. 

(7) Efficient electro-magnetic separators should be provided on 
the feed of each disintegrating or other grinding machine to arrest 
particles of iron or steel. 

(8) No naked gas lights or electric arc lamps should be used 
in such rooms ; and incandescent electric lamps should have outer 
dust -tight covers. 

(9) In such rooms Regulation 27 of the Electricity Code (See 
definition which follows later in this report) requires special pro- 
tection of conductors, switches, fuses and other electrical apparatus. 

(10) No matches or smoking should be allowed. 

(11) In connection with grinding and cleaning machinery, the 
use of a stive room is unnecessary and dangerous; more modern 
methods of intercepting the dust, such as cyclone collectors or bag 
filters should be substituted. 

In connection with dust explosion prevention, H. M. Electrical In- 
spector of Factories submitted the following recommendations regarding 
use- of electricity in grain storage warehouses and other places where car- 
bonaceous dust is generated in dangerous quantity, whether in manufac- 
ture, storage, or transport: 
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‘‘Regulation 27 of the Electricity Regulations should be regarded as 
applying in your case, this regulation requires : — 

‘All conductors and apparatus exposed to the weather, wet 
corrosion, inflammable surroundings or explosive atmosphere, 
or used in any process or for any special purpose other than for 
lighting or power, shall be so constructed or protected, and such 
special precautions shall be taken as may be necessary adequately 
to prevent danger in view of such exposure or use.' 

“A dust cloud might be ignited through (1) the bursting of an in- 
candescent lamp; (2) overheating of conductors or apparatus by (a) ex- 
cess of current; (b) bad joints or connections; (3) inadequate protection 
of conductors and apparatus resulting in sparking; (4) arcing of ap- 
paratus needed for breaking circuits such as switches, circuit breakers, 
fuses and connectors for portable lamps. 

“It is of course obvious that no lamps should be used except those of 
the vacuum type, and with regard to : 

“(1) Such lamps should be enclosed in stout outer protecting glasses 
with rubber -or other joints as nearly as possible dust-tight — this applies 
equally to portable hand lamps. 

“(2) This matter is covered by the requirements of previous reg- 
ulations. 

‘'(3) For the protection of cables and wires, the use of heavy gauge 
screwed metal conduits is recommended, care being taken that the conduits 
are electrically continuous and earthed. 

“(4) As arcing or sparking of the contacts of switches, circuit 
breakers, or fuses cannot be prevented means should be adopted to render 
it harmless by enclosing them in dust-tight covers or placing them where 
there is no danger of firing the dust, the switch covers should be dust- 
tight, and the fuses should be of a type which will not cause an ex- 
plosion." 

Regulations in France. 

As early as November 29, 1904, the Minister of Labor and Social 
Safety of France issued a decree pertaining to establishments where ex- 
plosive diLSts are produced. This was followed on December 17, 1912, 
by a circular containing further regulations and recommendations, but as 
most of these are not materially different from the regulations in the 
American and English codes, publication in full is not necessary. How- 
ever, two of these recommendations are of particular interest. 

“D. — It is recommended to water, or to sprinkle with heavy inert 
substances the places where the dust cannot be removed owing to excep- 
tional circumstances. 

“This recommendation aims at certain cases in which the cleaning 
recommended by the preceding paragraph cannot be carried out entirely 
owing, for instance, to repair work done in the shop. 

“The neutralization of the dusts as recommended here will ordinarily 
be without any serious inconvenience; only in exceptional circumstances 
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should it be resorted to ; moreover, one can always select the watering and 
sprinkling according to the nature of the dusty matter. * * * * * 

''H . — It is recommended to paint white or blue, during the hot season, 
all the windows which are likely to be struck directly by the sunbeams. 

'‘This measure has been objected to on the ground that it might de- 
crease the brightness of the light and spoil the color or the tinge of certain 
products. Owing to the importance of this measure (glass elements 
likely to form lenses in the focus of which there may appear an ex- 



This picture shows a large cereal mill and feed grinding plant at Peterborough, 

Ontario, being destroyed by fire that followed a dust explosion on December 11, 1916. 

Seventeen men were killed, 16 injured and approximately $2,000,000 worth of property 
destroyed. The explosion originated in the feed grinding department located to the 

left of the chimney shown in the center of the picture. The breaking of the sprinkler \ 

mains as a result of the explosion rendered the system useless in combatting the i 

extensive fire that followed. ! 

cessive elevation of the temperature), one must not discard the recom- 
mended measure except in the cases in which it is found to be practically 
impossible. It must be remarked that this measure is useful only during 
the hot season for the windows which are struck directly by the sunbeams, 
and that it does not hi at all in the establishments which have glass shed 
roofing only on the north side, a method of construction which tends to 
spread in many new plants.’’ 

An interesting method of designating the plants to which the regula- 
tions shall be applied is given. After specifying industries producing 
certain dusts a general rule is given to include plants producing "inflam- 
mable dusts which are capable of evolving, on burning in the air, a quan- 
tity of heat of at least 600 calories per cubic meter of mixture of air and 
dust.” The amount of dust in the mixture is that which will just utilize ; 
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all the oxygen in a cubic meter of air. No statement is given of how this 
figure was obtained, but it is presumed that it represents the amount of 
heat necessary for the propagation of a flame through the most explosive 
mixture of any slightly inflammable dust and air. 


CHAPTER V. 


PHENOMENA OF EXPLOSIONS. 


The term explosioiT has been defined as follows: ‘T£ a system is in 
such a condition of physical or chemical equilibrium that a variation of 
that condition involving a transformation of energy and initiated at any 
one point will spread rapidly through the system of its own unaided ac- 
tion and without the supply of energy from without, then the system itself 
is said to undergo explosive change, and the change itself is called ex- 
plosion. If the velocity of the change is small the explosion becomes a 
combustion, if large, a detonation.’’ Judged from this definition, any 
degree of rapid combustion, from a small puff such as might be obtained 
by throwing a handful of dust over an open flame, up to the most violent 
detonation, may be considered as an explosion. In explosions in industrial 
plants it is possible to have either or both of these and any or all velocities 
and degrees of force between them, even in the same disaster. Usually 
there are two or more distinct reports. The first, that of the initial ex- 
plosion, is often described as sharp and quick. It is followed by a second 
— a loud, rumbling sound more like thunder — which lasts for a much 
longer period. Sometimes there is a lapse of several seconds between 
the first and each succeeding report, but usually they are quite close to- 
gether. The first report may be of varying intensity, depending upon 
the amounfi of dust in suspension and the degree of its confinement. The 
concussion and force of this explosion jars the dust from the ledges and 
projections and forms the cloud through which the secondary explosion 
propagates. The nature of the dust, the quantity in suspension or still 
remaining to be thrown into suspension as the explosion propagates, and 
the degree of confinement control the velocity and force of this as well 
as of each succeeding explosion. 

But what is going on in the interval between the primary and secondary 
explosions? The force of the primary is gradually expending itself, the 
velocity of the flame is decreasing, and in some cases becoming almost 
negligible, while the dust settled about the plant and thrown into suspen- 
sion is diffusing through the air, forming the cloud for the secondary ex- 
plosion. The more intense the primary explosion and the greater the 


^Watt’s Dictionary of Chemistry. 1899, vol. 2, v. 530. 
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quantity of dust already in suspension as well as thrown into^ suspension, 
the shorter will be the time between the two explosions. T.he opposite 
is also true, for the less intense the primary explosion and the smaller the 
quantity of dust in suspension or thrown into suspension, the longer the 
time between the explosions. Conditions may be such that this time may 
be extended long enough for the flame of the primary explosion to die 



A “choke-up’’ in an elevator leg caused this explosion and fire in a grain elevator at 
Peoria, 111., on March 6, 1916. The daunaged grain and destruction of the storage 
bins can be seen in the photograph. 


out before a cloud of sufficient density is formed for the secondary ex- 
plosion. But this can happen only when the plant is so clean that there 
is not enough dust to form an explosive mixture. 

On the other hand, it is possible to conceive of a condition where the 
secondary explosion may occur even after the flame of the primary ex- 
plosion has entirely died out. This might easily happen if the cloud is 
slow in forming and does not reach the flame of the explosion but later 
comes in contact with a small fire started by the explosion. In fact, 
the secondary explosion may occur at a point remote and in no way con- 
nected with the section of the plant first involved, or even in another 
building, if a spark or flame is present where a cloud of dust has been 
raised by the force of the primary explosion. It is not unlikely that the 
explosions in the mills adjoining the Washburn mill at Minneapolis 
on May 2, 1878, occurred in this way. There may not have been a direct 
propagation of flame from one mill to the others, a short distance away. 
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but the force or concussion of the explosion in the Washburn mill threw 
dust into suspension in the other mills, and this was ignited by the open 
flames used for lighting purposes. A secondary explosion may be caused 
without the transmission of flame from one section to another if the cloud 
raised by the first explosion comes in contact with a source of ignition. 
As a matter of fact, the secondary explosion cannot occur unless the dust 
cloud comes in contact with a source of ignition. This may be the flame 
of the primary explosion or some other fire even at a very remote place. 
Consequently an explosion in one plant may follow an explosion in an ad- 
joining one without the passage of flame. 

A fact often overlooked is that the greatest damage is not always done 
in the vicinity where the explosion starts. It is often very remote. If 
the proper conditions for the propagation of an explosion are present 
the pressure increases as the flame advances, and the maximum pressure 
is reached at some distant point. However, it must be remembered that 
under normal conditions the maximum explosive effect is obtained where 
the dust cloud approaches or reaches the critical density. That this may 
be at some distance from the origin of the explosion has been demonstrated 
in many explosions.. For instance in an elevator in Chicago the explosion 
started in the driers, but the greatest force was generated apparently in 
the tunnels under the storage tanks. An explosion in a feed mill in Illi- 
nois started in a grinding machine and propagated 375 feet through a 
blower system. It did no particular damage until it reached a dust col- 
lector and feed ])in where the secondary explosion occurred, wrecking 
that part of the plant. An explosion in an elevator in Kansas City, in 
1919, started in the basement. There was no direct communication be- 
tween it and the upper portion of the elevator. Nevertheless, the explo- 
sion propagated up through the manlift and stairway at the side of the 
building and into the portion above the bins where the greatest damage 
was done. 

In the relation of origin to damage, dust explosions differ from gas ex- 
plosions for the gas mixture is usually localized, — not spread throughout 
the entire plant. Consequently the force of the explosion, greatest in the 
vicinity of the origin, gradually decreases and spends itself. The opposite 
is usually true in dust ex])losions. If these facts are not remembered 
during the attempt to locate the cause and origin of an explosion, erro- 
neous conclusions may be reached. 

Explosions in industrial plants vaiy greatly in intensity and in force. 
Some which are destructive are often heard but a short distance away. 
Such was the case at Weehawken, N. J., at Milwaukee, and in Buffalo. 
But at other times the concussion is so great that the explosion is heard 
and damage is done to property many miles away. For instance, it was 
reported that the explosion in the flour mill at Litchfield, Illinois,, in 1893, 
was heard 25 miles away, and that there was not a house in the village of 
8000 inhabitants but was more or less damaged. Buildings in nearby 
villages were also partially wrecked. People residing at a point 70 miles 
from Cedar Rapids, Iowa, heard the explosion which occurred there in 
1919, and one woman who lived in a town 100 miles away claimed to 
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have heard it. The shock o£ the recent explosion in the elevator at Chi- 
cag‘0 was distinctly felt in Benton Harbor, Michigan, niore than 50 miles 
away, and was also heard by persons at points lOO miles from Chicago. 

That immense pressures are developed in some of these explosions is 
shown by the fact that heavy construction has often been ruptured, and 
heavy blocks of concrete have been carried considerable distances from the 
plants alfected, A piece of concrete weighing more than 1,400 pounds 



A large amount of grain was destroyed in this explosion in a grain elevator at Beach 
Grove, Ind., on June 14, 1918. 


was found more than 300 feet from the Kansas City elevator following 
the explosion there in 1919. Reinforced concrete pillars 16 x 24 inches 
in cross section were blown down, and the 1J4 inch steel reinforcement 
rods were completely stripped of concrete. These columns must have 
weighed fully six tons each and with their reinforcements should have 
withstood enormous pressures. Conveyor tunnels covered with 16-inch 
concrete were also blown apart, and heavy blocks were carried some dis- 
tance. In the explosion at Port Colborne in 1919, heavy pieces of con- 
crete cornices were blown several hundred feet from the plant, and heavy 
8-inch steel I-beams were broken off, twisted, and thrown more than a 
hundred feet. Perhaps the most destructive force known to have been 
developed in an explosion of dust was generated in the North Western 
Elevator at Chicago. In one corner of the storage section, forty bins 
were moved on their foundation nearly half a foot. Cracks between these 
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<ind adjoining bins and their foundation piers indicate that they were 
lifted. The tanks and the grain they contained would probably weigh 
dOOjOOO tons. This gives some indication of the tremendous force of the 
•explosion which occurred in the tunnels underneath these bins. 

That such tremendous force has been developed in many of the more 
recent explosions is doubtlessly a result of the solid construction of the 
buildings. This affords little or no opportunity for the explosive force 
to vent itself. In the days of wooden elevators, no such force seems to 
have been developed in any explosions in these buildings. While the 
pressure and velocity of propagation of an explosion is largely dependent 
upon the inflammability of the dust and the percentage of it present in 
the mixture, it is also dependent upon the strength of the containing 
walls. It is doubtlessly true that with the critical or most explosive mix- 
ture of dust and air which may be present, very high pressures may be 
built up, but if the walls are of such strength that they will easily give 
way, this pressure will expend itself into the open air. It would seem, 
therefore, that the force of an explosion is influenced quite largely by 
the strength of the walls of the building in which it occurs. However, 
it is easy to conceive that if there is the most explosive mixture of dust 
and air present, sufficient pressure may be built up before the explosion 
reaches the weaker portions of the walls so that everything before it will 
be blown out regardless of the strength of the construction. With less 
explosive mixtures there is no doubt but that the force of the explosion 
will propagate along the lines of least resistance. This was shown in an 
explosion on the top floor of a cereal mill in Buffalo which propagated 
through a large double door into a large room adjoining and apparently 
extended throughout the .entire upper floor without doing any damage to 
the walls or any portion of the plant except to raise the roof which, when 
it dropped back, was a few inches out of place. No fire followed this 
explosion. The explosive mixture present in this portion of the plant 
apparently developed only sufficient pressure to raise the roof. This 
instance would favor the suggestion made at one time that all roofs be of 
light construction, in fact, that some of them be hinged so that in case 
of an explosion they might open and allow the pressure to vent itself. 
The only trouble with this plan is that explosions do not always happen 
on the top floor of a plant. They start in all sections of the building and 
vent themselves wherever possible. In an explosion in a plant in Buffalo 
the side walls were blown out while the roof was left intact. 

It has been suggested that the force of a dust explosion is usually in 
a lateral direction. However, considering the above illustrations and 
many others which could be given, it would seem that the force is exerted 
in all directions at once, and that it only seems to go in one particular 
direction because the retaining walls on that side are weaker and give 
way more readily. That the force is lateral is shown by the damage to 
surrounding property, but that it is also perpendicular is shown by the 
fact that flames and debris are often thrown a considerable distance into 
the air. It is stated that in an explosion at Richford, Vermont, in 1908, 
flames shot more than 200 feet into the air, while pieces of the corru- 



gated iron roofing were carried to points two miles distant from the plant. 
In the explosion in the Farmers’ Elevator at Fife, Montana, in December, 
1918, the entire machinerj' and the head of one of the elevators were 
blown out through the roof of the plant, and in the more disastrous ex- 
plosion in Cedar Rapids, Iowa, in 1919, one man estimated that flames 
shot fully 500 feet into the air. Debris was picked up more than 2>4 
miles from this plant. 
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While a minor explosion or even one of greater intensity in a large 
container will expend its force through the weakest part of the construc- 
tion, vents are not always fully effective in relieving the force of an ex- 
plosion. This fact was demonstrated in the explosion in an aluminum 
plant at Manitowoc, Wisconsin. The portion of the plant in which the 
explosion took place was of daylight construction. Normally, it would 
be thought that the large number of windows would have allowed the 
force of the explosion to be vented instantly. No doubt they did have 
considerable effect. Nevertheless, the walls were bulged out badly. In 
a similar explosion at Buffalo which started near the boot of an elevator, 
the steel casing was blown apart, even though the elevator head was off, 
giving clear passage to the outer air through the top of the elevator. In 
a minor explosion in a machine grinding gum in the plant of the American 
Graphophone Company at Bridgeport, Connecticut, in 1918, the machine 
was badly damaged even though it was vented. It was thought that the 
vent modified the effects of the explosion, but it did not relieve all of the 
pressure. 

It may seem an anomaly to say that part of the destruction of an ex- 
plosion in a mill may be the result of suction rather than of pressure, since 
it would be expected that pressure alone would be developed. However, 
after the passage of an explosion the very high temperature which was 
developed begins to fall rapidly and a high vacuum is often formed. There 
is an inrush of air to fill this space and a strong suction is created. In 
referring to this phase of explosions in mines, the Bureau of Mines^ 
states: ^Tollowing the passage of the pressure waves there is a de- 
pression below atmospheric pressure, which is caused by the cooling of 
the gaseous products of the explosion and by the ejectment of the gases 
by the violence of the explosion. The depression causes a violent move- 
ment or inrush of air from other parts of the mine, or from the outside, 
to fill the partial vacuum.” In mine explosions at least it is also possible 
to have another effect after an explosion, where even greater pressures 
may be obtained than those created in the passage of the explosion. This 
is indicated by the following statement of the Bureau of Mines^ : '‘The 
records of the European experiments have shown us that as the main 
pressure wave travels ahead it throws off reflex pressure waves that 
travel back toward the origin, and that if the origin is at the closed end 
of the gallery, the pressure may be raised above what it was at the time 
of ignition.” 

A peculiar condition was noticed in the investigation of the explosion 
in the government elevator at Port Colborne, Canada. That pressure 
was developed in the basement of the elevator, was evident from the fact 
that one of the employees who was standing near a door, on the side of the 
basement opposite the boot of the elevator in which the explosion started, 
was blown out of this door against a pillar a few feet away. However, 
the property damage in this part of the building indicated that a strong 
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This spectacular hre followed a dust explosion in a large ternainal grain elevator in 
Brooklyn, N. Y., October 13, 1917. The explosion occurred during the period of the 
World War when every effort was being exerted to conserve our food supply. TTie 
grain loss as a result of this explosion was estimated to be the equivalent of bread 
rations for 200,000 men for an entire year. This explosion initiated the special educa- 
tional and prevention campaign by the U. S. Department of Agriculture and the U. S. 
Grain Corporation, for the purpose of preventing losses to life, property and foodstuffs. 
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vacuum rather than much pressure was developed. The basement was 
well lighted by windows on three sides. Most of the glass of these win- 
dows was out of the sashes, but instead of being found outside which 
would indicate pressure, it was found in small pieces all over the floor of 
the basement, showing that it was drawn in by suction. That this suction 
was considerable was indicated by the fact that some of this glass was 
found 30 to 40 feet from the walls. It is quite probable that it might 
have been blown out by the first small pressure in the basement if it had 
been in large panes and had not been well set. It withstood the slight 
pressure but was unable to withstand the suction. It is not unusual in 
dust-collecting systems and conveyor pipes for a pipe to collapse following 
the passage of the explosion instead of being blown apart by the pressure 
developed within. Such was the case in the explosion in a starch factory 
in Oswego, New York, September 30, 1907. That many walls have been 
drawn in instead of blown out indicates that a great deal of other damage 
to property is the result of suction rather than pressure. 

Dust collecting systems are usually installed with the idea of being a 
protection as well as a means of cleanliness. However, they are known 
to have initiated and spread explosions. An explosion in a flour mill in 
Denver in January, 1918, is supposed to have started in the dust collecting 
system, possibly because of sparks struck by the blades of the fan against 
the sides of the casing. However, there was also evidence that this ex- 
plosion started in the rolls, and that it was drawn into the dust collecting 
system, through which it propagated out into the plant. Two similar ex- 
plosions are known to have occurred in flour mills, one at Benton, Pa.,, 
which started in the rolls and propagated through the dust collecting 
system, and the other at New Prague, Minn. In 1914-15, explosions in 
a starch and dextrine plant at Edgewater, N. J., were drawn into the 
dust collecting system. They propagated through it to the dust house and 
from there to other portions of the mill causing considerable damage. The 
explosion in the aluminum plant at Manitowoc started in the dust collect- 
ing system as a result of a piece of heavy wire getting into a fan where 
it struck sparks which ignited the aluminum dust. The explosion propa- 
gated back through the pipe and out into the room from which the dust 
was being drawn. 

It is difficult to state just what was the cause of a number of explo- 
sions which have occurred in dust collectors. In some of these cases it 
might be that a flame or some smoldering material was drawn into the 
collector or foreign material may have been pulled into the suction pipe, 
creating sparks. It is possible that static electricity was developed within 
the collecting system. Such explosions occurred, for instance, in a cereal 
plant in Cedar Rapids, Iowa, on the 11th of January, 1902; in a cereal 
plant at Canal Fulton, Ohio, on the 21st of December, 1907; in flour 
mills at Nashville, Tenn., on the 30th of July, 1908; and in another mill 
at McPherson, Kansas, on the 8th of March, 1911. Details regarding 
the installations in which these explosions occurred have not been ob- 
tained, but indications are that dust was being collected from grinding 
machines or other equipment in which a quantity of dust was created. In: 
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a starch plant in Osweo-o, N. Y., on the 28th of September, 1907, an ex- 
plosion occurred in the cyclone feed to the starch grinding room and ei^ 
tended to the dust collectors nearby, causing an explo-sion which tore ott 
the walls of the building and wrecked the cyclone and conveyor pipes. A 
similar explosion occurred in July of the same year, but it was not qui e 
so extensive. While dust collectors have their advantages and tend .to 



Large terminal grain elevator in Kansas City, Mo., before explosion on September 

13 , 1919 . 

prevent explosions, care must be taken to see that they are operating 
effectively, that dust is not allowed to accumulate in the suction pipes, 
and that they are so installed that should an explosion start and be drawn 
into the system, there would be no possibility of its propagating into other 
sections of the plant. 

It is a peculiar phenomenon that in many cases where explosions have 
occurred in industrial plants, they have not been heard by men working in 
the plant. The severe explosion which occurred in Cedar Rapids, Iowa, 
in 1919 and which was reported to have been heard 100 miles away, was 
not heard by a man in the boiler plant. At Port Colborne a man in the 
basement of the plant did not hear the explosion, although he was thrown 
down by the force of it. Four men who were working in the flour mill 
at Benton, Pa., at the time of an explosion, some of whom were burned 
by the flames, did not hear a single sound except the rush of air as the 
flames approached them, while people outside the mill who witnessed the 
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explosion heard three distinct reports. This was also the case in an ex- 
plosion at Cheney, Wash. The three men in the mill heard no report, 
while people outside and near the mill heard three distinct reports. Two 
of these came from the mill proper and one from the warehouse. It 
would appear that there was some lapse of time between the explosions in 
the mill and the one in the warehouse, since the latter did not occur until 
after an alarm of fire had been turned in, and the owner of the plant had 
had time to come from a short distance. Just what the cause of the ex- 
plosion in the warehouse could have been has not been determined, but 
the dust was probably stirred up by the original explosion and ignited 
when the flames of the fire reached it. 

Many explosions occur at the most unexpected times and originate in 
most unexpected places. It would hardly be expected that an explosion 
would occur in a plant after it had closed down, but such has been the 
case in several instances. An explosion in an elevator in Minneapolis 
occurred in the early evening after the plant had been shut down for 
several hours. In fact, there was a series of explosions in this plant. The 
odor of fire had been noticed by the watchman, but he had been unable 
to locate any smoldering or burning material. Shortly after he had made 
a round in the upper portion of the elevator, an explosion occurred there, 
apparently of a minor nature. This was followed by a series of ex- 
plosions as the flame propagated through the plant. Two of the most 
destructive explosions which have occurred in elevators recently, started 
while the elevators were not in operation. One of these, at Port Col- 
borne, Canada, started a little over an hour after the plant had been shut 
down for the lunch period and just as it was about to be started. How- 
ever, the cause of the explosion was an unnoticed smoldering fire started 
just before the plant was closed down. The other, an explosion in the 
North Western Elevator in Chicago in March, 1921, occurred late Satur- 
day afternoon, several hours after the plant had been shut down. However, 
dust was being stirred up in the cleaning of the grain driers. A similar 
explosion occurred in Kansas City, in September, 1919, on a Saturday af- 
ternoon when the plant was closed down and was being cleaned. A pe- 
culiar minor explosion occurred in a cereal mill in Buffalo, in 1920, when 
the mill was not in operation and repairs were being made. It would 
hardly be expected that a dust cloud would be raised in the repairing of a 
steel elevator leg, but such w^as the case in this mill, and the dust was 
ignited by a piece of hot metal cut from the boot of the elevator. 

Several instances have been given of explosions caused by sparks 
from foreign material passing through grinding machines and by static 
electricity in various portions of plants. However, sparks may be struck 
in other ways and may cause destructive explosions, as they did for in- 
stance, in a shoddy mill in Cleveland, on February 27, 1910, when an em- 
ployee was cleaning out a vault into which dust was discharged from a 
cyclone collector. It is presumed that a spark was struck by a hoe which 
the employee was using. An explosion in the dust collecting system of a 
wood working plant in Boston in 1918 was started by sparks from an 
emery wheel several feet from the suction pipe into which they were 
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drawn. The explosions in elevators at Weehawken, N. J., in 1915, and at 
Baltimore, in 1921, were supposed to have been caused, by sparks struck 
by foreign material in the grain as it fell against the sides or bottom of 
a very deep bin. In both cases only a few hundred bushels of gram had 
been run into the bin at the time of the explosion. 

The two explosions which occurred in the starch and dextrine plant 
at Edg'ewater, N. J., in 1914-15, as a result of the accumulation of dust 
within the reels, were caused by static electricity. Another unusual ex- 



View of saane elevator after explosion which originated in basement of elevator, during 
a clean up period, and traveled up through the elevator shaft on the left. Fourteen 
workmen were killed and 10 injured. 


plosion occurred in a rubber factory in Boston, on February 6, 1913. Two 
men were pouring barrels of flowers of sulphur into a sieve enclosed in a 
wooden boxing. There was a sudden flash from this box, followed by a 
slight explosion in which the men were badly burned. A similar explo- 
sion occurred in a rubber works at Hartford, Conn., on February 23, 1914. 
In fact, there were three explosions in a sulphur conveyor and sifter on 
the top floor of this mill during a period of two weeks. The last of these 
explosions, however, was the most violent and much of the machinery 
was blown apart. The only cause which could be assigned to these ex- 
plosions was static electricity generated by the agitation of the very fine 
sulphur over the screen. 

Friction developed in any portion of the mill, to such an extent that 
coals or flame result, may start explosions at different places. An explo- 
sion of cork dust in a mill in Philadelphia on February 1, 1919, resulted 



PHENOMENA OF EXPLOSIONS 


125 


from a broken belt which wound up on a shaft and developed sufficient 
friction to start a fire which i^ited the dust. Friction in elevator heads is 
not uncommon. The explosion at Port Colborne originated in this way 
although at first it was thought that it was caused by the ignition of dust 
by a belt in the basement which, by riding on one side of the pulley and 
rubbing against the wall, had created sufficient friction to cause the rub- 
ber of the belt to smolder. An explosion in a brewery in New York was 
supposed to have been caused by foreign material striking sparks as it 
was conveyed through the screw conveyor along with the malt. An un- 
precedented incident led to a very disastrous explosion in a mill in Eng- 
land, in 1911. Apparently a large drive belt had become so weakened 
that it broke. As it fell the large cloud of accumulated dust which it 
stirred up was ignited by the flames from a fuse which blew out at the 
same time. 

There has been some discussion as to the actual value of sprinkler 
systems in preventing destruction by dust explosions. Investigations show 
that they are very effective in extinguishing fires following explosions, 
provided the sprinkler pipes or header pipes have not been broken by the 
initial force and the system thereby rendered useless. A number of such 
instances are on record. However, an explosion occurred in a starch 
factory in Brooklyn, N. Y., on March 12, 1901, which did not put the 
sprinkler system out of commission, but the fire which followed was of 
such intensity that although 40 sprinkler heads were opened they were 
unable to control it. It is barely possible that if a sprinkler head could be 
opened in front of an explosion so that the propagating flame would have 
to pass through the sheet of water, explosions might be prevented from 
extending to all sections of a plant. However, the sprinkler heads are 
usually not opened until the flame has passed, and consequently they have 
little effect in preventing or stopping an explosion except, perhaps in 
extinguishing a small fire which might be the cause of an explosion. If 
not damaged, sprinkler systems are effective in putting out the fires which 
occur after an explosion, but when the force is as great as it was in the 
explosion in Cedar Rapids, in 1919, where it broke water mains several 
feet underground and put the entire sprinkler equipment out of com- 
mission, it can readily be seen that they cannot be effective in extinguish- 
ing fires. In several other cases sprinkler systems have been made in- 
effective as the result of explosions. 

Some explosions have been so destructive and have left so little of the 
plants intact that it has not been possible to determine their causes or to 
note their phenomena. In these cases very peculiar effects upon the sur- 
rounding property have often been observed. Perhaps some of the most 
interesting resulted from the explosion in the starch factory at Cedar 
Rapids, Iowa. There was hardly a building within three-quarters of a 
mile or more of the plant which did not feel direct effects of the ex- 
plosion, and in many cases all of the window glass was broken. How- 
ever, the superintendent’s office, a small one-story structure about 20 feet 
square, located on the grounds of the mill and but a short distance from it, 
was not damaged in any way. The highest building in the town suffered no 
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loss whatever from broken windows. This may have been a result of the 
fact that these windows were somewhat smaller in size than the others, 
but it would also appear that there was not the same explosive effect in this 
locality that was shown in other places. One peculiar thing noted in the 
case of double windows was that often one of them was blown inward 
while tlie other was forced outward, and, in the case of some large single 
plate-glass windows, the upper portion was blown inward while the lower 
half was blown outward, or vice versa. On either side of broken windows 
there would be unbroken ones. 

The windows on one side of a building might be blown out while 
those on the other side would be blown into the building. Along streets 
running at right angles to those leading toward the mill, the windows on 
the far sides were drawn in, while those on the side toward the mill were 
blown out into the street. Sometimes those on the near side were blown 
in while those on the far side were blown out into the street. This was 
apparently due to suction or else to a back-pressure wave. The windows 
of a small frame church in the vicinity of the plant were intact, but the 
wall toward the plant was badly cracked and bulged outwardly in the 
direction of the mill or toward the explosion. All the windows and doors 
of the church were closed, and it is hard to conceive how this damage 
could have been done except by suction created by the passage of the ex- 
plosion wave. One of the most pathetic cases which has been noted in 
connection with this or any other explosion was that of a baby a few 
months old being blown out of bed by the force of the explosion, dying 
.shortly thereafter as a result of injuries. 


CHAPTER VI. 


DUST COLLECTION AND REMOVAL. 


The dissemination of dust must be controlled before dust explosions 
can be prevented. Attention and study have been given to the subject 
of dust collecting and the efficiency of dust collectors in various industries 
because of the fact that a number of disastrous dust explosions have oc- 
curred in plants considered modern so far as dust collecting was con- 
cerned. The fact that in a number of cases the explosion has propagated 
through the dust collecting system, shows the necessity for a thorough in- 
vestigation to determine the efficiency of some systems. 

Little attention was given to the subject of dust collecting in the mill- 
ing industry previous to the advent of the middlings purifier. The use 
of this machine made it necessary to provide some means of taking care 
of the dust blown from the purifier fan. Accordingly rooms were par- 
titioned off or built in some unoccupied space in the mill and the dust 
blown into these settling chambers through trunk lines. These rooms 
were tightly closed with the exception of one or two small openings which 
were fitted with baffle boards or covered with cloth which permitted the 
air blown in by the fan to escape while the dust settled to the floor. At 
intervals workmen removed the dust which had settled and accumulated 
on the floors of these rooms. 

The stive or dust rooms used prior to 1880 wherever it was necessary 
to collect dust were large and allowed a great quantity of dust to remain 
in suspension during operation. Many explosions occurred in this primi- 
tive dust collecting equipment. The explosion in Minneapolis in 1878, and 
at Litchfield, Illinois, in 1893, proved very conclusively the danger of this 
method of collecting. Both of these explosions occurred in flour mills 
where stive rooms were used to collect the dust. They directed attention 
to the necessity of developing some more satisfactory and safer dust col- 
lecting system. Larger mills were being built and the removal of dust was 
becoming quite a problem. It is probable that this problem as well as the 
explosion hazard hastened the development of our improved types of 
dust collectors. The development of the modern dust collecting systems 
passed through many interesting stages. One of the first collectors con- 
sisted of a large box with hoppered sides and a conveyor at the bottom 
to remove the dust settlings. A series of curtains or baffles within the 
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box deflected the air currents and caused the dust to drop. Another 
form of collector had a vertical cylindrical chamber with cloth walls ar- 
ranged in zig-zag fashion to give the maximum of filtering surface. It 
had a conical hopper which discharged the dust through a weighted valve 
into a spout or conveyor. A later step in the development was the intro- 
duction of the dust-laden air at the side of the cylinder instead of at the 



Canadian Government Elevatoi;' at Port Colbome, Ontario, prior to explosion on 

August 9, 1919. 


top which led to the discovery that the conical hopper gave a whirling 
motion to the air which deposited the dust at the bottom of the hopper. 
This machine was the forerunner of the modern cyclone collector. 

Many improvements have been made in the cyclone type of collector 
in recent years. Experiments have shown that the best results can be 
obtained with certain length cones, and tests have shown the proportion 
which should exist between the inlet, outlet, and discharge for the most 
efficient operation of the collector. Some difference of opinion naturally 
exists on these questions but it is noticed that the manufacturers are 
gradually working towards a standard type of apparatus for each distinct 
purpose. A recent invention makes it possible to use the cyclone type 
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of apparatus as a dust separator as well as a collector. Adjustable bns 
attached tangentially to a pipe centrally located within the collector make 
it possible to separate dust of various degrees of fineness from the entire 
amount of dust drawn to it by the suction fan. The early models of the 
present cloth collectors were quite different in appearance from the ones 
now in use although the principle on which they operated was practically 
the same. Cloth-covered wedge-shaped frames were placed symmetrically 
around a hollow horizontal cylinder and arranged so that the entire ap- 
paratus revolved on the axis of the cylinder. Within the cylinder was 
placed a stationary screw conveyor. The dust-laden air was blown into 
the cylinder and entered the cloth-covered sections through which the 
air filtered while the dust was retained. As each compartment was carried 
over the conveyor by the revolving of the collector the dust was deposited 
through the bottom of the wedge-shaped section into the conveyor which 
carried it to a spout or secondary conveyor. The stockings used at the 
present time on this type of machine were substituted for the wedge- 
shaped frames simply because more filtering surface could be obtained 
in this way. An apparatus somewhat different from the cloth collector 
just described is known as the tubular collector. This type consists of 
a number of long cloth tubes tightly stretched between an upper and 
lower chamber. Both the upper and lower ends of the tubes may be 
opened or closed mechanically and this mechanism is usually arranged to 
operate automatically. In operation the dust laden air enters the upper 
chamber and passes into the tubes which at the time are closed at the 
bottom. The air passes through the cloth tubes while the dust is re- 
tained. At given intervals the tops of the tubes are closed, the bottoms 
opened, and the dust automatically shaken into the lower chamber. The 
bottoms of the tubes are then closed, the tops opened and the process re- 
peated, These collectors are generally arranged in series so that the dust 
can enter one section of tubes while the other section is being shaken. 

A machine quite similar in construction to the tubular collector is 
known as the suction filter type of collector and consists of a number 
of cloth stockings or tubes within a cylindrical shell. The tops of these 
stockings are always closed while the bottoms remain open. The dust 
laden air is drawn in at the base, which is usually in the form of a cone, 
and after dropping the heavier dust particles passes up into the stockings, 
wdiere the fine dust is caught while the air passes through and out at the 
top of the collector to the suction fan. At intervals the flow of the air 
is changed by automatically operating valves and the reverse air currents 
loosen the fine dust deposited on the stockings and an automatic knocker 
shakes it into the cone beneath. From here it passes through a revolving^ 
damper or air lock to conveyor, spout, or storage bin. Like the tubular 
collector, these machines are usually arranged in series to permit the 
dust laden air to enter one compartment while the stockings in another 
are being cleaned. 

In addition to the systems of dust collecting referred to above, another 
type, operating on an entirely different principle, has been placed on the 
market and within the last few years has been adapted to several different: 
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industries. This system is known as the Cottrell process or the electrical 
precipitation method of dust recovery. At the present time it is used 
principally in the recovery of valuable metallic dust carried away as fume 
from metallurgical furnaces and for such work the equipment has been 
standardized and thoroughly tested in commercial operation. It also finds 
application in the precipitation of obnoxious gases which would otherwise 
be disseminated over the surrounding country by some of our industrial 


View of elevator at Port Colborne, Ontario, after explosion in whicb 10 were 

killed and 15 injured, and property and grain damaged to the extent of $750,000. 

1 plants. With certain variations it may possibly be adapted to the precipi- 

j tatiun of organic dusrs and thus prove of value in plants where the collec- 

i, tion of the fine dust is now a problem. However, its use in the precipita- 

i tion of inflammable dusts as yet is not fully developed. 

I ' Most milling plants throughout the country have taken advantage of 

I the improved systems and have adopted either cyclone or cloth filter col- 

’ lectors. However, in a few cases the old system has been retained and 

an explosion is reported to have occurred as late as the spring of 1905 
in a flour mill at Liverpool, England, where a stive room was in use. 
The investigation indicated that the explosion, which was followed by a 
disastrous fire, originated in this dust chamber. 

J In August, 1920, an explosion occurred in an industrial plant where 

^ hard rubber was being ground. The explosion, which started in the base- 

f ment of the building where the grinding was being done, quickly spread 


132 


DUST EXPLOSIONS. 


through the dust pipe lines to the dust room. In this installation, a num- 
ber of cloth covered frames were arranged in rows within a dust room 
and the fine rubber dust recovered by blowing the dust laden air through 
this filter. Fortunately the dust room in this case was located on the 
roof of the building and the violent explosion, which occurred when the 
flames reached the large quantity of dust in suspension at this point in 
the system, completely destroyed the dust room without seriously damag- 
ing other sections of the plant. An inspection tour of the country con- 
ducted in the interest of fire prevention disclosed the fact that in some 
cases this order was reversed and the dust room located in the basement 
of the building. 

It has been demonstrated that the modern dust collecting systems are 
an improvement over the old dust room, and in view of the fact that by 
their use the fire hazard is reduced, the handling of dust made easier, and 
working conditions are made healthier for the employee, it is difficult to 
understand why the use of dust rooms is continued in any plant. 

The efficiency of the two dust collecting systems, the cyclone and the 
filtration, varies in the different industries. Some dusts of a fibrous 
nature stick to the stockings of the cloth collectors and are not discharged 
readily. This soon reduces the filtering area and impairs the efficiency 
of the system. Other dusts are sometimes too light to be readily deposited 
in a cyclone collector. With these the cloth collector will work more 
efficiently but from a fire hazard viewpoint the metal cyclone collector has 
the advantage over the^cloth collector. In cold climates, however, the 
cloth collector is often preferred to the cyclone because the latter generally 
exhausts outside and it becomes difficult to warm the building during cold 
weather. The need for dust collecting in our modern industries has 
grown so great because of the necessity of saving by-products and the 
necessity of preventing the dissemination of dust on adjacent property, 
that the designing and installation of dust collecting systems has become 
a specialized field and there are a number of engineers who give their 
entire time to the subject. The type of collector best suited for any par- 
ticular purpose can be determined only by experiment or by making a 
thorough study of the problem as related to some similar installation suc- 
cessfully operating, consequently where the installation of dust collecting 
equipment is being contemplated in a new industry the matter should be 
taken up with one who is thoroughly familiar with such work. 

Although the present systems are decided improvements over the old 
in many ways, it is apparent that the perfect dust collecting system has not 
yet been devised. The fact that explosions and fires have propagated 
through the present systems indicates that there is still room for improve- 
ment. With the present method, dust is collected from a number of 
sources and drawn by air currents through small pipe lines into larger 
ones, where it is, in turn carried to the depositing point in the system. 
Often one main trunk line will serve an entire plant and draw dust 
through its branches from all parts of the building. Should a fire occur 
at any point where the suction is applied, it is drawn into the system and 
if enough dust is present in the pipe line, the flames may be carried to 
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the depositing point or they may flash back through the system to all 
parts of the plant. During the investigation of an explosion in a feed 
mill it was discovered that the flames had propagated for a distance of 
370 feet through a steel trunking used for conveying the ground feed 
from the mill to the storage bins located in another building. It can 
readily be seen how easily and quickly a fire could spread throughout 


Looking? down from work house on storasre bins at Port Colbome, Ontario, Elevator 
after the explosion. This type of bin construction permitted the accumulation of large 

quantities of dust. 


the entire plant in this way. The size of dust collecting apparatus has 
been increased to keep pace with our enlarged industrial plants until now 
in many cases dangerous quantities of explosive dust are contained within 
the system and the apparatus, designed to be a remedy, has become a 
hazard. 

Static sparks will ignite certain dusts and dusts blown through a pipe 
will under certain conditions produce a static charge. Metallic sparks will 
also ignite certain dusts, and such sparks can be produced in our present 
dust collecting systems. Cases on record show that’ sparks were pro- 
duced in the fan when one of the blades became loose and struck the 
fan casing. In other cases foreign material, such as flint, wire or other 
metallic substance, has entered the fan and when struck by the blades 
produced sparks which ignited the dust mixture. 
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Many improvements designed to overcome this difficulty have been 
made in our present systems. Equipment has been designed which makes 
possible the placing of the dust collector between the fan and the source 
of dust. The air is drawn through the collector by the fan where the 
dust is separated and only clean air passes through the fan. This prac- 
tically eliminates the possibility of dust ignition within the fan. By 
properly grounding the entire dust collecting system, the accumulation of 
static can be prevented, and the danger of dust ignition by static sparks 
eliminated. 

It has been shown above how two of the hazards of our dust collect- 
ing systems have been overcome. The principal feature which remains 
to be remedied is the presence within the systems of dust in dangerous 
quantities where it can act as a medium through, which a fire or explosion 
in one section of a building will spread to all parts of the plant. Attempts, 
have been made to solve this problem by placing the collector outside the 
building, and in some cases even the main trunk line has been placed 
outside. Some manufacturers, in addition to placing a large part of the 
equipment outside the building, have reduced the size of each unit or,, 
in other words, they have installed more units of smaller size in order to 
reduce the number of points served by each collector. Evidently this is 
the method which must be followed in solving this phase of the problem, 
and some specialists in this line of work go so far as to claim that each 
machine or piece of equipment producing dust should have a separate 
and distinct dust collecting system. 

Dust removal is as important as dust collecting. Of course, the proper 
method is to collect the dust at the point where it is produced but even 
with the most improved systems some of it escapes and settles on floors, 
beams, and ledges about the plant. Under some conditions, as in the 
conveying of material about a warehouse, dust may be produced which it 
woulci be very difficult to collect. For such cases some system of dust 
removal should be installed and attention given to the prevention of ac- 
cumulations at points where the dust could be thrown into suspension to 
furnish the means by which a primary ignition could grow into a disas- 
trous dust explosion. The push-broom method of dust removal is the 
one in general use throughout the country. The dust is brushed from 
machinery, ledges and the various lodging places about the building to 
the floor by small hand brushes. It is swept into piles by means of brooms 
or long-handled floor brushes and then shoveled into bags or receptacles 
and removed. In the larger plants, spouts with openings on the various 
floors are provided and the dust swept up from the floor is fed into the 
spout which carries it to a screen where the good material is separated 
from the refuse and sent to the feed mill. In other cases, the dust is 
swept into a, suction pipe which carries it to a dust house located at a 
distance from the main plant. 

In a few plants suction floor sweeps have been provided consisting 
simply of a suction pipe with a flare at the floor level. When the valve is 
opened the inrushing air carries with it the dust which has settled on the 
floor within a radius of 10 or 15 feet from the spout. As in the systems 


DUST COLLECTION AND REMOVAL. 


135 


previously described, hand brushing must be relied upon to bring the dust 
to the collecting point. 

Compressed air is used in certain cases, especially for blowing the dust 
from motors and machines where it could not be reached with brushes. 
A long pipe with an elbow and nozzle at one end or a compressed air 
hose line attached to a long pole is sometimes used to remove the dust 
from beams and ledges high overhead. This method not only makes 



Result of an explosion of cocoa dust in a chocolate plant at Burlington, Vt., on April 
25, 1918, in which 3 lives were lost and $500,000 damage done. 


necessary a second handling of the dust after it settles on the machines 
and floor below but is also a dangerous practice since it produces large 
dust clouds which may ignite if an electric lamp should be accidentally 
broken during the cleaning process or a spark or other source of ignition 
should happen to be present at the time the dust is in suspension. 

The vacuum cleaning system as used in many of our homes has been 
adapted to several industries and is reported to be giving satisfactory 
service. Nozzles attached to flexible hose lines are provided at intervals 
throughout the plant and it is an easy matter for the operator of a dust 
producing machine to clean the floor and ledges and even the machine 
itself. Some attention has also been given to the developing of a vacuum 
suction system for mills and elevators. One of the companies actively 
interested in dust explosion prevention work installed an experimental 
vacuum suction cleaner in its plant. Although this equipment was quite 
small it was sufficiently large to give some very interesting results when 
operated in comparison with workmen using the push-broom method of 
cleaning. The exhaust fan for this equipment was designed to handle 
not less than 800 cubic feet of air per minute, and it was found advisable 
to have at least 100 cubic feet of air per minute entering the suction tool 
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in order to insure rapid and thorough cleaning. The experiments indi- 
cated that from five to fifteen horse power was necessary, to operate such 
a system, depending upon the number of suction tools used at one time. 
Riser pipes 2J-4 inches in diameter were installed with an opening on each 
floor and enough risers were provided to permit the reaching of any point 
on each floor with a 50- foot vacuum hose. 

During tests conducted at the plant the vacuum cleaning system oper- 
ated quite satisfactorily. The dust on the floor was removed quite easily 
and the beams and ledges were thoroughly cleaned. As a contrast to 
the vacuum system two men were put to work sweeping on the same floor 
but at the opposite side from where the vacuum system was in operation. 
The sweepers stirred up quite a dust cloud while they were working but 
the air on the side of the room where the vacuum system was in use re- 
mained very clear. When the men had completed the sweeping the 
vacuum system was used in going over the section they had just cleaned 
and a considerable additional amount of dust was removed by this method. 

Very satisfactory results were obtained with the vacuum system in 
cleaning floors, walls, and ledges. It was quite difficult, however, to re- 
move the dust from irregular surfaces as found on many of the machines 
with the suction nozzles in use at the time. Possibly different nozzles 
could be obtained which would do this work satisfactorily. The demon- 
stration gave very encouraging results and it is felt that with a few 
changes the vacuum system can be made to give satisfactory service in 
mills and elevators for cleaning and dust removal. 


CHAPTER VII. 


STATIC ELECTRICITY. 

Static electricity has already been referred to as a possible cause of 
explosions and hres. In fact it has been established that the discharge of 
static electricity has caused fires and explosions. In the preceding chap- 
ters, however, there has been no detailed discussion of this phenomenon, 
to which, until recent years, no credence has been given. A discharge 
of static electricity may jump to a person’s hand or some other part of 
the body and only a tingling sensation is felt. This may continue for some 
time and no great discomfort other than this prickling sensation is ex- 
perienced. That is, there is no burning sensation, and no evidence of 
heat sufficient to burn. The spark made by the discharge of static elec- 
tricity has, for this reason and others, been considered too cold to ignite 
anything. Some discharges of static electricity may not ignite anything, 
but other discharges of it will and do ignite many things. It is the latter 
which it is proposed to consider in this chapter. 

Static electricity is exactly what the name ‘"static” signifies, that is, 
electricity at rest. It is often known as frictional electricity as it is gen- 
erated by the rubbing of two dissimilar bodies against each other. One 
takes a positive charge and the other a negative charge. The charges will 
remain upon the bodies and be gradually dissipated into the atmosphere 
unless they come in contact with or near a less charged, uncharged or 
oppositely charged body, when they will pass from the one body to the 
other to be neutralized. This will occur when the bodies come near 
enough to each other so that the charge can break down the resistance 
of the atmosphere and jump through it. In so doing a spark, which is 
known as the discharge of static electricity, is formed. It is this discharge 
spark which may cause the ignition of inflammable materials with a re- 
sulting fire or explosion. 

One of the places in industrial plants where the presence of static 
electricity is noticed frequently is about moving pulleys and belts. Here 
it is generated by the friction of the belts on the pulleys, and its presence 
is usually revealed by a passage of sparks between the pulley and belt on 
the side where the belt leaves the pulley. Often distinct sparks are not 
noticed, but instead there is a blue haze which seems to hang between the 
pulley and belt. This is known as the “corona” effect. It is usually con- 
sidered that the static electricity which is generated by moving pulleys and 
belts is entirely due to friction. As will be brought out later this may be 

1.^7 



A sugrar refining: plant in Brooklyn, N. Y., destroyed by an explosion and fire on 
June 13, 1917. Twelve men were killed, 24 injured and the property loss estimated 

at $1,000,000. 


largely true, but since the movement o£ bodies through air causes them 
to become charged with static electricity it seems reasonable to say that 
at least some of the static on the pulleys and belts is developed by their 
movement through the air, being caused by the friction between them and 
the air. Static electricity is generated on all machines in an industrial 
plant, but more especially on those which are rapidly moving, such as 
grinding machines, elevators, conveyors and screens. It is also generated 
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by the movement of the dry manufactured product, flour or feed, for 
instance, as it passes through the process. The friction between this 
material and the different parts of the grinding or pulverizing machines 
may cause the generation of static electricity, as may also its movement 
through elevators, spouts and other conveying equipment. 

The static electricity generated in the various parts of an industrial 
plant may accumulate in some cases, while in others it may be dissipated 
into the atmosphere or be carried off from the machine as fast as it is 
generated. This depends largely upon two important factors, one, the 
amount of moisture present in die surrounding atmosphere and known as 
the humidity of the air, and the other, the construction, arrangement and 
installation of the machinery. Moist air is a very good conductor of 
static electricity while dry air is a poor one. Consequently, when the 
relative humidity is high, the static electricity which is generated is easily 
conducted away by the atmosphere or, as more commonly understood, it 
is dispensed into the atmosphere. Under these conditions the static elec- 
tricity may go off so rapidly that it is not observed to be present on the 
machines. Also, an unbroken electrical connection between the ground 
and the point at which the static electricity is generated will prevent the 
accumulation of static electricity because it will be conducted away as 
fast as it is generated. When, however, there is no electrical connection 
to the ground and the relative humidity is low, the static electricity will 
accumulate and its potential continue to increase until it becomes great 
enough to break down the resistance of the air between the body on which 
it is accumulating and a body nearby, at which time a spark of discharge 
y^ill jump from the charged to the uncharged body. If the static elec- 
tricity is being generated in sufficient quantities there will be a continuous 
breaking down of the resistance of the air with a continuous passage 
of static electrical discharge sparks. 

Jt has been stated above that static electricity is generated by the 
friction of two dissimilar bodies. Such friction is commonly thought of as 
occurring between two comparatively solid and large bodies, as pulleys 
and belts, or the common laboratory illustration of rubbing a glass rod 
or a piece of hard rubber with woolen cloth, but it is not necessary to 
have large and solid materials, nor to have them moving very rapidly. 
Dr. W. A. D. Rudge^ has shown very conclusively that even the raising of a 
small cloud of dust, or the movement of such a cloud in the air will create 
static electricity. He has demonstrated the fact that charges of static 
electricity are formed in the air, or imparted to it by dust clouds raised 
by winds blowing over the surface of the earth or by the movement of 
large bodies, as animals or automobiles over dusty roads. This was shown 
to be true not only with the ordinary dusts of fields, roads, etc., but also 
with all sorts of finely divided substances. When a small quantity of dust, 
such as flour, was placed upon the plate of an electroscope and suddenly 
blown away, the electroscope became charged, the magnitude of the charge 
depending to some extent upon the fineness of the dust. 

^ “On the Electrification Associated with Dust-Clouds.” W. A. D. Rudge, 
Professor of Physics, University College, Bloemfontein, S. Africa. 
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By raising a cloud of dust in a brass tube with a blast of air in such 
a way that it would be blown or carried as a cloud against a fine wire 
gauze basket, Dr. Rudge was able to collect the static electrical charge 
upon the basket and to determine the presence of a charge upon the parti- 
cles of dust, and also the nature of the charge. In this way he determined 
the type of charge which was generated by clouds of many different ma- 
terials. As a result of these studies he discovered certain general laws 
which seem to govern the charge upon the particles of dust. These laws 
are as follows : 

Law 1. Non-metallic elements give positively charged clouds when 
the finely divided material is blown into a cloud by a current of air. 

Law 2. Metallic elements give negatively charged clouds when the 
finely divided material is blown into a cloud by a current of air. 

Law 3, Solid acids and acid-forming oxides give positively charged 
clouds, and basic oxides negatively charged ones. 

A few illustrations which may be of interest are given in Table XX. 

TABLE XX. 


Charges generated on moving dust particles. 


Carbon 

+ 

Zinc carbonate 



Sulphur 

+ 

Copper chloride 

+ 

Aluminum 

— 

Sodium chloride 

+ 

Iron 

— 

Potassium nitrate 

-h 

Magnesium 

— 

Dextrose 

— 

Zinc 

— 

Dextrine 



Aluminum oxide 

— 

Starch 


Iron oxide 

— 

Flour 



Magnesium oxide 

— 

Sand 


Zinc oxide 

— 

Fine soil 

+ 

Sodium carbonate 

— 

Lycopodium 

— 


As a result of these investigations Dr. Rudge made the following con- 
clusions : 

(1) Nearly all kinds of finely divided material, when blown into a 
cloud of dust by a current of air, give rise to electrical charges upon the 
dust and upon the air. 

(2) The nature of the charge resident upon the dust particles de- 
pends upon the chemical characteristics of the material. 

(3) In general, the charge obtained upon the dust is opposite to that 
associated with the “ion” of the same substance when in solution, i. e., 
strongly basic bodies give NEGATIVELY charged dusts, and the strongly 
acidic bodies give POSITIVELY charged dusts. 

(4) In the case of salts the charge apparently depends on the rela- 
tive strengths of the acidic and basic ions. 

(5) Similarly constituted bodies give similar charges. 

After making tests with another type of apparatus. Dr. Rudge^ says : 


Dust Electrical Machine.” Proceedings of the Cambridge Philosophical 
Society. 1912-1914, vol. 17, p. 249. 
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‘‘The effects produced by this machine are very remarkable with dry dust 
and a dry atmosphere, as the dryness allows of a very fine state of di- 
vision of the dustT This apparatus (fig. 24) consists of a chamber (A) 
in which the dust is raised by sending into it a current of air from the 
bellows. The dust is carried into the o 

Chamber B. This consists of a brass 
tube about 25 x 5 cms. insulated from 
the rest of the apparatus by an ebonite 
plug (E). The dust escapes through 
O. Using this apparatus it was pos- 
sible to obtain sparks up tO' 5 cms. in 
length while under certain atmospheric 
conditions “brush” discharges would 
fiy from the tube. In very dry atmos- 
phere the chamber B could be dis- 
pensed with, the tube leading from A 
serving as a collector. Sparks would * 
fly from it when a rapid current of 
dust was passing through it. In all 
cases the air escaping from the appar- 
atus was strongly charged. The charge 
upon the apparatus probably has a 
two-fold origin: (1) That due to the 

raising of the dust; (2) that due' to Device for Determining CWges of Du«. 

friction of the dust particles against the walls of the tube. 

In the raising of dust clouds the air as well as the dust became strongly 
charged. At first it was thought that the charge upon the air was caused 
by a similar charge being carried upon the particles of dust. However, it 
was shown^ that the charge carried by the dust was the opposite of that 
carried by the air. That is, when a cloud of dust is raised into the air, 
thereby causing friction between the particles of dust and the air, static 
electricity is generated, the dust particles carrying a charge of one sign 
while the air becomes charged with electricity of the opposite sign. 

The possibility that static electricity may be a cause of dust explo- 
sions was substantiated by early inyestigations of the Department of Agri- 
culture of the cause of the large number of explosions and fires which 
were occurring in the threshing machines in the Pacific Northwest^. 

In these investigations it was found that the wheat. crop in that section 
of the country. Southeastern Washington, Northeastern Oregon and 
Northern Idaho, was badly infected with a disease commonly known as 
stinking smut. When this wheat was threshed, the smutted heads were 
broken up in passing through the machine and the spores thrown into the 
atmosphere, forming dense clouds of smut dust. At the same time, thresh- 
ing in atmosphere of very low humidity, large quantities of static elec- 
tricity were generated and accumulated on the machines. The discharge 


^ Philosophical Magazine, London, Jan.-June, 1912, Vol. 7, No. 23, p. 852. 

^ Dust Explosions and Fires in Grain Separators in the Pacific Northwest. 
Dept. Agri. Bull. No. 379. 
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of this static electricity in the presence of the cloud of smut dust would 
ignite it and an explosion would result. Determinations which were made 
while the machines were in operation in the field showed that static elec- 
tricity was generated on most parts of the machines, and under favorable 
conditions very high voltages were accumulated. In fact, the thresher- 
men stated that often it was possible to pull 4- to 5 -inch sparks from the 
driving belts and shorter ones from various parts of the machines. 
Measurements of the voltage present at many points gave indications that 
50,000 volts, or even more, were not uncommon in very dry weather when 
threshing smutty wheat. Observations were made on a machine threshing 
alternately fairly clean and very smutty wheat. The amount of static 
electricity on different parts of the machine increased greatly in every case 
when the smutted wheat was threshed. This is in line with the work of 
Dr. Rudge and shows that not all of the static electricity is generated 
simply by the operation of the machine, but that some of it is caused by 
the dust created in the threshing process, and particularly by the smut 
dust. 

In experiments made in the laboratory it was possible to ignite a cloud 
of smut dust by means of static electrical discharges generated in an ordi- 
nary Helmholtz machine. The Experiment Station of the State College of 
Washington conducted some tests upon the inflammability of smut dust. 
No trouble was experienced in igniting the dust with a free flame, and 
when a static electrical spark was substituted for the flame the smut-dust 
cloud was also easily ignited^. These are the first tests to show definitely 
that the static electrical discharge will ignite dust clouds, and that it is, 
consequently, an important factor in the cause of dust explosions. 

It is a well-known fact that mixtures of gases can be ignited by means 
of an induction spark, which is very similar to a static electrical discharge 
from a I.eyden jar. In fact, the induction spark is the type of spark 
used in firing the gas in automobile cylinders. But it is not so well known 
that gases can be ignited by an ordinary discharge of static electricity such 
as might be drawn from a moving belt. It may sound a bit exaggerated, 
but one of the authors knew of a person whose custom it was to light the 
gas at an ordinary fishtail burner in his room by the discharge, from his 
fingers to the burner, of the static electricity which was generated in his 
body by walking down the hall on a heavily napped carpet. At the Pitts- 
burgh station of the Bureau of Mines no difficulty was experienced in 
igniting a Bunsen burner with the static electricity generated on a small 
drive shaft. This shaft was inches in diameter and was driven 
by a 3-inch belt running at quarter turn over a x 3}4-inch pulley. 
At the time of the tests only two of the nine 1^-inch short belts which 
ran from the shaft to 3 small lathes on a bench beneath were in operation. 
The -shaft was running at 360 revolutions per minute and under light 
load. 

Copper wire fastened to the leveling bolt of a bearing at one end of 

^“Report on Fires Occurring in Threshing Separators in Eastern Washington 
during the Summer of 1914.” Bulletin No. 117, pp. 10-11. Experiment Station, 
State College of Washington. 
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the shaft was attached to a small wood-handled file. When this file was 
brought close to an ordinary Bunsen burner, burning natural gas and 
grounded to a water pipe, sparks from 3/2 to 54 of inch in length were 
obtained. With the gas turned on, ignitions were always obtained when 
any discharge spark passed between the file and the top of the burner. 
The static electrical charge, especially noticeable on the shaft and belts on 
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Another view of the sugar refining plant in Brooklyn, N. Y., after the explosion in 
1917, showing the extensive property damage. 

days of low humidity, would persist on humid days following several 
dry days until the belts again became moist. 

Dusts and gases are not the only substances which will be ignited by 
the static electrical discharge. It might be said that, under proper condi- 
tions, all finely divided material which will burn may be ignited by this 
source of heat. For instance, paper will take fire if held so that discharges 
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of certain intensities pass through it. In connection with investigations 
made by the Bureau of Chemistry, and more fully described in a later 
chapter on Cotton Gin Fires, it seemed advisable to determine the possi- 
bility of igniting cotton with static sparks. At the beginning* of these ex- 
periments, which were conducted co-operatively with the Bureau of 
Standards, observations of the nature of the sparks were made. As is 
well known, the ordinary discharge is bluish white, but upon inserting a 
resistance of several thousand ohms in series with the spark gap, the color 
became yellow. The effect of this resistance is probably to increase the 
duration of eaclijndividual discharge, and also to prevent the formation 
of a damped oscillating wave train of large amplitude for each spark. It 
was found that at slow-spark frequencies the ignition properties were quite 
independent of the resistance, while at frequencies of the order of 50 
per second the use of the resistance rendered ignition easier. 

It was observed that in the gap discharge one end produced ignition 
more readily than the other. Cotton could be held for an indefinite period 
at the positive end of the gap, but would ignite instantly when moved 
toward the negative terminal. 

Gradually changing the length of the gap from 0.5 cm to 2 cm and thus 
varying the sparking voltage, while keeping the frequency and current 
the same, indicated that ignition was practically independent of the 
voltage. Keeping the voltage and capacity constant, but varying the gap 
current and spark frequency, it was found that there was a value of 
current beyond which burning took place with ease. 

By maintaining a value of current slightly larger than the critical value 
for ignition at a given humidity and voltage with a high frequency, such 
as 100 sparks per second, and then decreasing the frequency by increasing 
the electrostatic capacity of the circuit, a frequency was found where 
ignition would no longer take place. Upon still further reducing the fre- 
quency (to about one spark per second), ignition again took place. This 
was observed only when using the series resistance. 

Humidity is an important factor in determining whether cotton will 
ignite or not. At a relative humidity of 30 per cent a critical value of 
current w*as found to be about .125 mil-amperes, but at a room humidity of 
about 60 per cent, with the cotton kept as dry as possible and other con- 
ditions the same, a current of .23 mil-amperes was necessary. 

The igniting properties of a static spark discharging between the balls 
of a sphere-gap were found (a) to be more pronounced at the negative 
than at the positive end; (b) at certain frequencies to be increased by a 
resistance in series with the gap; (c) to be independent of voltage; (d) 
to increase with the average current; (e) to vary somewhat with spark 
frequency, being less at an intermediate frequency, and (/) to decrease 
with increasing relative humidity. 

In connection with the field investigations, described later, it was found 
that static electricity was present on parts of the cotton gin which were 
insulated from any rapidly moving machinery and which could not get 
any charge from other parts of the gin, as for instance the suction pipe 
through which the seed cotton is drawn from the farmer’s wagon to the 
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cleaners. This pipe is usually made of galvanized iron and is insulated 
from the rest of the piping and the cleaner by a canvas joint. Often this 
pipe was heavily charged with static electricity which could have been 
caused only by the friction of the cotton upon the pipe. To determine 
that this was a fact and to find the sign of the charge so generated, a small 
laboratory equipment was arranged similar to the gin equipment. It is 
shown in Figure 25. The cotton was drawn by suction through the 5-inch 
upright pipe, through the horizontal pipe and against the screen located in 
a wooden box. The two sections of pipe were insulated from each other 

by the canvas joint 
and the screen was 
insulated from the 
pipe by the wooden 
box. 

Using an electro- 
scope, the sign of 
the charges on the 
various parts of the appa- 
ratus was determined. It 
was found that when cot- 
ton moves in contact with a 
galvanized pipe, the cotton 
accumulates a positive 
charge while the metal 
pipe becomes negatively 
charged. Upon striking 
the screen the cotton 
charges it positively. By 
using a static voltmeter it 
was found that a difference 
of potential of 800 volts 
could be maintained be- 
tween the screen and the 
horizontal pipe. This is of 
particular interest since the 
apparatus was of a minia- 
ture size and was not work- 
ing continuously. There was always a negative charge upon both pipes 
and a positive charge upon the screen, but when all three were electrically 
connected the charge was negligible. This would indicate that if it were 
possible to determine the sign and quantity of the charges on the various 
parts of the cotton gins, these parts could be connected electrically and 
the charges would largely neutralize each other. 

From these tests it is very evident that static electricity may be gen- 
erated in the operation of cotton gins, that a negative charge will be 
present upon some parts of the gin while a positive charge will be present 
on other parts, and that the discharge spark of this static electricity may 
be of such a nature as to ignite the cotton and start a fire. 

That static electricity is generated in the operation of most industrial 
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Fig. 25. 

Apparatus to Determine Polarity of Static Elec- 
tricity Developed by Friction of Cotton on Iron. 
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plants is well known. Mention has been made of different places in the 
mills where it may be found. To get some idea of the quantities present, 
a series of tests was made to determine first the amount of the static 
electricity on belts, particularly large drive belts. These tests were made 
upon a 12-inch double leather belt, driven by a 21 -inch pulley running at 
a speed of 500 revolutions per minute and operating a 48-inch pulley on 
a mill. The belt speed was approximately 2750 feet per minute. Among 
the determinations made were (a) the magnitude of the charges generated 
by the belt, (b) the variation in magnitude of the charges from various 
points on the belt, (c) the variation of the discharge with the increase in 
slippage of the belt, and (d) means of removing the charge from the belt. 

(a) In determining the magnitude of the charges the apparatus 
shown in Figure 26 was used. This consisted of an electrometer with 6 
condensers in series. Its capacity was approximately 50,000 volts. Charges 
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Fig. 26 . 

Apparatus to Determine Magnitude of Static Electric Charges. 


ranging from 13,500 to 50,000 volts and above were often recorded, while 
in a few cases they exceeded the capacity of the measuring apparatus, 
probably being 60,000 volts or more. It will be noted that these are high 
voltages, and long discharge sparks may be produced. 

(b) That the charge varied at different points on the belt is shown 
by the results given in Table XXL The lead to the measuring apparatus 
was brought in contact with the belt at points A and F (fig. 27) where it 
comes in contact with the pulleys, and at points C, D and E along the belt. 

It will be noted that the charge increased from points near the pulleys 
to a point midway between them, and then decreased as the belt ap- 
proached the pulleys. Also, that where the belt came in contact with the 
pulleys the reading was zero, indicating that there was a ground some- 
where about the machine through which a discharge was taking place. A 
possible course of this discharge was through the drive pulley, shaft, and 
step bearing in which the shaft revolves, to the frame and thence to a 
ground. If this were the case it would be necessary for the discharge to 
pass through the film of oil surrounding the shaft. This was possible 
with the excessive voltages recorded. However, owing to the construction 
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of the machine and installation, this point could not be definitely de- 
termined. 

It was found that it was not necessary to bring the lead in contact 
With the belt before a charge was indicated upon the electrometer. In 
a charge was indicated anywhere within 12 inches of the belt. The 
all around the belt was charged by induction. The strongest field 
seemed to be approximately 3 inches from the belt. This is of interest in 
coianection with dust explosions as a conductor somewhere near the belt 
3Tiig-ht take up the charge from the belt and by conducting it to distant 



Location of Points of Contact on Belt in Static Electric Determination. 


jioints cause discharges to occur at unexpected places. This would lead 
to a hazardous condition if a dust cloud were present where the discharge 
takes place. This may explain some explosions which start from unknown 
causes. 

With no charge upon the belt at the points where it is in contact with 
tlie pulleys, questions arise as to where and how the static, which is 
pi'esent in such quantities on the belt, is generated and why it builds up 
as it travels away from the pulleys and decreases as it travels toward them. 

partial ground may explain the lack of a charge at the pulleys and the 
decrease of the charge as the belt approaches them. Undoubtedly a large 
jKirt of the static is the result of slippage of the belt, as will be noted 

TABLE XXL 
CHARGE ON BELT. 


Test No. 

A 

B 

c 

D 

E 

F 


Volts 

Volts 

Volts 

Volts 

Volts 

Volts 

1 

0 

23500 

25500 

25500 

17250 

0 

2 

0 

19500 

25500 

25500 

17250 

0 

3 

0 

21500 

25500 

27500 

19500 

0 

4 

0 

27500 

29750 

27500 

19500 

0 

5 

0 

19500 

21500 

21500 

21500 

0 

6 

0 

21500 

25500 

27500 

23500 

0 

Average 

0 

22166 

25541 

25833 

19750 

0 




On May 22, 1919, a violent explosion of starch dust in a large factory at Cedar Rapids, Iowa, caused complete destruction of the plant. 
Forty-three lives were lost and property damaged to the extent of $3,00(^000. Considerable damage was done to private and business 

property throughout the city. 
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later, but it seems reasonable to believe that some of it is caused by the 
movement of the belt through the air causing friction between the belt 
and the air. That the movement of large bodies through the air generates 
static has been noticed in the traveling of balloons. Several accidents 
have resulted from the ignition of the gases by static discharges from the 
bag to other parts of the balloon, and steps have had to be taken to so 
treat the fabric of the bag that static will be neutralized or dissipated 
into the air. This is usually done by coating the fabric with a material 
which will generate a charge opposite to that generated by the fabric 
itself. In the operation of aeroplanes static electricity has been generated 
and accumulated in such quantities on the machines as to seriously inter- 
fere with the running of the engine. Methods of neutralizing or dissipat- 
ing the charge similar to those used upon balloons have been employed. 
Since these have been successful in preventing charges upon balloons and 
aeroplanes, a somewhat similar treatment of belts should prevent the gen- 
eration and accumulation of static electricity upon them. 

TABLE XXII. 

STATIC CHARGES WITH VARYING TIGHTNESS OF BELT. 


operating condition 
of belt- 

A ' 

I Magnitude of discharges at points: 

B 


D 

E 

F 

Loose 

Maximum 

0 

27,500 

29,750 

29,500 

19,500 

0 


Average 

0 

24,800 

27,600 1 

28,20® 

18,800 

0 

Medium 

Maximum 

0 

23,500 

25,500 , 

25,500 

17,350 

0 

Tight 

Average 

0 

20,800 

24,800 i 

24,800 

17,200 

0 

Normal 

Maximum 

0 

17,250 

19,500 

19,500 

19,500 

0 

Tight 

Average 

0 

16,600 

17,400 

18,000 

16,200 

0 


(c) The generation of static electricity by belts has been attributed 
to the friction between the pulley and the belt. It would seem reasonable, 
then, to assume that with increase of the slippage of the belt on the pulley, 
the charge generated would increase. That this assumption is true is 
shown by the results in Table XXII, giving the charges generated (1) 
with the belt as loose as possible, (2) with the belt medium tight, and 
(3) with the belt running normally tight. 

It will be noticed that at all points on the belt at which observations 
were taken, the magnitude of the charge decreased as the belt was 
tightened. This shows that slippage of the belt on the pulley does cause 
a large amount of the static electricity found upon belts. It also indicates, 
as suggested above, that slippage causes some of the charge found at 
points away from the pulley. 

(d) Two devices for the removal of the static electricity from belts 
were tried. They proved to be quite efficient. The first consisted of a 
number of wires strung along the outside of the belt from one pulley to 
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the other, both above and below, and extending beyond the pulleys. (See 
Figure 28.) The wires were placed about 2 inches apart, %-inch from 
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the belt, and grounded to an iron guard railing. This installation was 
eiTective in removing the charge, as in re- 
peated trials the electroscope ‘indicalted no 
charge on any part of the belt. With one set 
of wires removed, either above or below, a 
charge was found upon the other side equal 
to that measured when the belt was not 
grounded at all, and no charge was found on 
the side where the ground wires were left. 
Therefore, to remove the static electricity 
from the entire belt with such an equipment 
it would be necessary to have the grounded 
wires along the full length of the 
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belt. 

The second device consisted of a 
number of wires, arranged like the 
teeth of a comb, rubbing on the belt 
and properly grounded. (See Fig- 
ure 29.) The combs used in the 
tests consisted of strips of galvan- 
ized iron 12 inches x 2 inches to 
which were soldered pieces of spring brass wire, spaced about ^ of 
an inch apart. This device removed the static electricity provided 
the combs were placed in the proper positions, namely, within a few 
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Fig. 29. 

Comb Device for Removing Static from 
Belts. 
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inches of the points where the belt leaves the pulleys. These points 
are indicated as a and b in Figure 30. With the combs at these 
two points no charge was found upon the belt, but with the combs placed 
at c and d as large charges were found on the belt as without the combs, 
except at points within a few inches of the combs. Also with only one 
comb at either a ox b charges were found on the other side of the belt but 



Fig. 30. 

Proper Location, for Combs. 


not on the side where the comb was installed. It is necessary, therefore, 
that two of these combs be used for the removal of the static electricity, 
and that they be placed in contact with the belt within a few inches of the 
points where it leaves the pulleys. Such an installation is effective and is 
much simpler than the wire grid. However, care should be taken that 
the combs are kept in contact with the belt, especially if running in a 
gaseous or dusty atmosphere, as sparks will jump between the belt and 
the combs. These might ignite the gas or dust. 

In August and September, 1919, another series of tests was made in 
mills and elevators in Seattle, Tacoma, Portland, Spokane and Minne* 
apolis to obtain some idea of the points in the plants where static elec- 
tricity might be generated and in what quantities. As no extended tests 
were made at any one place the effect of weather conditions could not 
be studied, but on account of the number of cities and mills in which tests 
were made the results as a whole should be indicative of what might be 
expected in normal operations. 

Static electricity was found on practically all belts, the quantity de- 
pending upon climatic conditions and upon the size, material, speed and 
slippage of the belts. A maximum of 75,000 volts was recorded on a 
22-inch main-drive leather belt running from an electric motor to a main 
shafting. The charge upon the belts was usually negative, but in two or 
three cases it was found to be positive. 

Interesting results were obtained from tests made upon numerous con- 
veyor belts, large slow-moving belts carrying grain. These ran at the 
comparatively slow speed of 750 feet per minute. Consequently, slippage 
and friction were practically negligible. In spite of this fact, 45,000 volts 
were recorded on one rubber conveyor belt carrying grain from the ele- 
vator head to storage bins. Wheat slightly smutted was being conveyed 
at the time. A similar belt in the basement, also conveying smutted 
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wheat, showed a charge o£ only a few hundred volts. No reason could 
be found for this di&rence except the possibility that the belt in the 
basement may have been partially grounded or that it may have been due 
to greater humidity in the basement. As the entire building was of con- 
crete and steel construction, it is possible that some of the supports of the 
belt in the basement were in contact with iron which reached the ground. 
Then there is the possibility that the slightly smutted wheat became 
charged with static electricity during the process of elevation, and trans- 
mitted this charge to the conveyor belt above the bins. 

High voltages were not found on the rolls, the feed rollers or on the 
grinding machines, but small charges were usually present. A similar 
condition obtained in the bran and shorts duster, while 2500 volts were 
found on parts of the scourers. 

Small charges were found on fan casings, fan shafts, and on intake 
and discharge pipes, while charges of several hundred volts were measured 
on various points of cyclone dust collectors. Small charges were indi- 
cated on the discharge pipes of tubular dust collectors. 

Small charges were found on the suction pipes of pneumatic unload- 
ing systems. However, it was stated by men working at these that on cer- 
tain days, when wheat was being unloaded, and especially smutted wheat, 
very heavy charges were present. 

At the time of the investigations the elevators were not operating 
continuously as very little grain was being moved. However, in those 
that were running, high voltages were found on all drive belts and small 
charges on the elevator legs and discharge spouts. 

Although these results are not as conclusive as could be desired, they 
indicate that static electricity may be generated in nearly all parts of 
mills and elevators, and that it often accumulates in such quantities as 
to make operation very hazardous. Apparatus was not available to de- 
termine the amperage of the discharges from the various machines, so it 
is not possible to say 'whether these discharges would, or would not, ignite 
the dust. As was noticed in the case of cotton, the two things which con- 
trol the igniting power of the discharge are the frequency and the am- 
perage of the discharge. These doubtless vary under different operating 
conditions, so that it is possible to have discharges which will not ignite 
the dusts. But so long as there is a charge which has sufficient voltage to 
make a discharge spark, a dangerous condition exists. The results of the 
investigations referred to indicate that sufficient voltage may be generated 
under certain conditions in most mill equipment. 

Static electricity is an important factor to be considered in rela- 
tion to dust explosions, and that it has been the cause of some explo- 
sions has been proved by experiences in certain mills. A disastrous ex- 
plosion occurred in a starch factory in New Jersey, in September, 1914, 
which seemed to be caused by static electricity. The explosion had its 
origin in a dextrine reel, and is believed to have been started by a dis- 
charge of static electricity generated by the friction of dextrine particles 
on an 80-mesh brass gauze screen surrounding the reel. The reel was re- 
volving at 16 revolutions per minute. Several years before when similar 
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explosions had occurred in the same type of reels, the officials of the 
company concluded that they had been caused by the static electricity 
developed in the reels by the friction of the fine particles on the screen. 
The reels were then grounded by a connection from the journal box at 
one end to the pipes of the sprinkler system. No further explosions were 
experienced after the grounding until the one in 1914. A short time 
before this explosion the ground wiring had been inspected and seemed 



An. explosion of aluminum dust in a plant at Manitowoc, Wis., oijl February 26, 1920, 
resulted in the death of 6 girls and injuries to a number of others. Note, extending 
from the fan exhaust at right of picture, a piece of heavy wire that in some unknown 
manner was introduced into the fan thereby producing the necessary spark to ignite the 
aluminum dust. The girl operators were occupying the chairs at the work bench shown 

in the picture. 


in good condition. Just a few minutes before the explosion the bearing 
had been oiled, which would indicate that there was a heavy film O'f fresh 
oil surrounding the shaft, insulating it from the bearing. Oil of this 
type offers a resistance to the passage of an electrical charge equal to 10 
times that of air. This film of oil may have insulated the reel sufficiently 
to have allowed static electrical charges to accumulate on the reel, the 
discharge of which may have ignited the dust in the reel and started the 
explosion. That the installation of a thorough ground with a dry brush 
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contact to the shaft of the reel and the connection of all metal parts 
of the reel to the shaft have been efifective in removing the static electricity 
from these reels is shown by the fact that no explosions have occurred 
since the reels were equipped in this manner, a period of seven years. 

An explosion in the starch grinding department of the same mill a 
few months later was traced to a starch reel. The ground wire leading 
from one of these starch reels appeared to have been broken some 
time prior to the explosion. This would have allowed the static electricity 
to accumulate in the reel and its discharge within the reel to ignite the 
dust. No explosions have occurred in these reels since they were thor- 
oughly grounded by the dry brush contact to the shaft. 

A mill in Texas, in which cotton-seed oil cake was crushed, experi- 
enced trouble from explosions in the hammer type grinding machine. 
This machine consisted essentially of two parts, an outer case and a re- 
volving horizontal cylinder. The case had a large opening in the top 
for the admission of the material to be ground, and a large semi-circular 
opening at the bottom covered over by a set of grate bars. The cylinder 
included a shaft to which several sets of flat, steel, hinged bars or ham- 
mers were attached. In operating the machine, the cotton-seed cake, fed 
into the opening, was beaten by the rapidly revolving hammers and forced 
through the grates, thus crushing it into comparatively small pieces. 
These dropped into a pit underneath the machine. The cylinder ran at a 
speed of 1000 revolutions per minute. Two explosions occurred in one of 
these machines shortly after it was installed. Although they were not 
particularly violent or destructive the force was sufficient to blow apart 
the casing of the elevator legs, and the flame, coming out into the mill, 
burned some of the employees. 

At first it was thought that foreign material — ^bolts, nuts or nails — had 
gone into the machine with the cake and created sparks which ignited the 
dust. Previous experience, however, showed that this was hardly possi- 
ble, as there had been no unusual noise preceding the explosion. After all 
the circumstances had been carefully considered, the conclusion was 
reached that static electricity, generated in or around the machine, re- 
sulted in a spark which ignited the dry dust formed inside the mill. It 
was thought that the slippage of the belt on the pulley every time a mass 
of cake was fed into the machine generated static electricity which ac- 
cumulated in the rotating shaft. This shaft appeared to be insulated 
from the casing by the film of oil in the bearings. When the charge 
became large enough to break down the resistance of the air within the 
machine, a discharge spark was produced. Unquestionably this accumu- 
lating and discharging goes on almost continuously at times, and many 
sparks are produced which do no damage, either because there is not a 
proper mixture of dust and air, or because the discharge is not sufficiently 
intense or freciuent. But when the discharge sparks continue to be pro- 
duced in large numbers conditions for an explosion may be present at 
any time. 

These machines were grounded by attaching a heavy copper wire se- 
curely to the casing and soldering the other end to an iron rod driven 
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several feet into moist earth. Since grounding the machines several years 
ago no explosions have taken place. This indicates that static electricity 
must have been the cause of these explosions. 

That static electricity is a cause of fires and explosions in grinding 
machines is proved further by the experiences of other mills. A large 
cereal plant in Oakland, Calif., was troubled with numerous fires in two 
attrition mills, even though they were equipped with magnetic separators. 
These fires continued with regularity for several months, and no cause 
could be found. Steps were about to be taken to remove the machines 
when the mechanical engineer of ihe mill thought of the possibility of 
static electricity as the source of trouble. The machines were grounded 
by means of a brush contact to the shaft and by a connection to the 
frame, the ground wire leading to a water pipe. The fires did not recur, 
and no further trouble has been experienced. 

Even more convincing is the experience of the Sperry Flour Company 
at their plant in Stockton, Calif. Within a week seven explosions occurred 
in an attrition mill used for grinding oat hulls into feed. Most of these 
were not particularly violent because the system of handling the feed 
from the mill was so arranged that they would be vented to the outside. 
However, in one case, the elevator leg was badly damaged, and the safety 
vent pipe and head of the elevator were blown off. It is probable that 
this would have propagated to a disastrous explosion if the mill had not 
been exceptionally clean. 

The attrition mill in which the explosion occurred was of the ball- 
bearing type, driven by direct connected induction motors. The oat hulls 
coming to the mill were separated from the groats by an air blast, the 
heavier groats falling into a bin while the lighter hulls were carried on 
into a chamber from which they were spouted to the mill. This gravity 
separation precluded the possibility of heavy foreign material being 
carried over with the hulls and getting into the grinding machine. This 
made it necessary to look for some other cause for the explosions. 

. The miller thought that static electricity might be the cause and went 
to some trouble to prove that it was. A gold-leaf electroscope was pro- 
cured and various parts of the particular mill were tested. Violent 
positive deflections were noticed from the frame, and none at all, or 
what the. miller thought were negative deflections, from the shafting. 
This was an indication to him, but it was not conclusive, so he cut out 
a piece of the plate housing of the mill and inserted glass through which 
he could watch the inside of the mill. At the instant of the most violent 
explosion the miller vvas watching sparks jump from the grinding plates 
of the mill. The sparking was intermittent at first and then continuous. 
At the time when the sparks seemed to be streaming around the outside 
edges of the grinding plates the explosion took place in the mill and 
elevator leg. The miller noticed particularly the color of the sparks or 
^^fire,’^ and described them as light blue, the characteristic color of the 
discharge spark of static electricity. Sparks caused by friction are very 
different, being yellow in color, and there is no trouble in distinguishing 
between them. Steps were taken immediately to ground all the attrition 
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mills in the plant. The trouble ceased, and no explosions have occurred 
since that time. 

So far as known, this is the only case where a man has not only 
actually seen an explosion start within a machine, but has been able to 
see the cause or the conditions immediately preceding the explosion. It 
would seem that no longer can there be any doubt of the fact that static 
electricity is a cause of explosions and fires in grinding machines. 

In order to prevent explosions from static electricity it is necessary 
to prevent the generation and accumulation of the charge. This may be 
done by conducting away the charge as rapidly as it is formed or by 
neutralizing it at the point of generation. 

Reference has already been made to two methods for conducting 
away the static electricity from pulleys and belts, one the series of wires 
strung along the outside of the belt and extending beyond the pulleys, and 
the other the comb of wires held in contact with the belt. Where these 
have been installed and properly grounded they have been effective. 

For removing the charge from a shaft, as for instance in a reel or 
grinding machine, a dry -brush contact has proved very successful. This 
is much more effective than a connection to the bearing because the oil 
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Fig. 31. 

Brush Contact on Cylinder Shaft for Removing Static. 
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will often act as an insulator and prevent the charge passing from the 
shaft to the bearing and on to the ground. A simple device to act as 
this dry brush is shown in Figure 31, together with specifications in tab- 
ulated form. It consists chiefly of a copper brush held in contact with 
the shaft by means of a small coil spring. A wire connects the copper 
brush and the ground. A brush of this type can be made to fit any size 
cylinder or machine by changing the shape and size of the bracket A, 
which holds it in place. It will be noted that the copper brush can be 



View shewing' damage to upper portion of work house as a result of explosion in 
North Western Elevator, South Chicago, 111., March 19, 1921. The plant, although 
construct€»d entirely of steel and concrete, was completely wrecked. 


replaced easily when it becomes worn out, but that the coil spring holds 
it in contact at all times until worn out. This device, developed primarily 
for use on threshing machines, has proved of value for use in industrial 
plants, being very effective in removing the static electricity, providing 
it is well grounded. 

Another type of wiping contact to remove the static electricity from 
pulleys is a loose chain which hangs on the shaft, but with a collar on the 
end of the shaft so that it cannot come off. This chain is then connected 
to a ground. Unless oil works out from the bearing along the shaft, 
covering the chain, this type of contact is quite effective. 
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Care must be taken with any equipment which is installed to conduct 
away static electricity, to see that a good and thorough ground is obtained. 
Unless well grounded the charge will be stored up, creating a dangerous 
condition. Under normal conditions a water pipe from a city supply 
makes a good ground because the piping is extensive and usually some 
part of it is well grounded. It is advisable to make at least two and 
preferably three ground connections, so that the breaking of one wire 
will not cripple the system and make it ineffective. The simple fact that 
a pipe or rod is in contact with the earth does not mean that it makes a 
good ground. The earth at that particular point may not be a good 
conductor or may even be charged with electricity so that instead of re- 
moving one hazard, another is introduced. Such even may be the case 
with water pipes which are sometimes affected by stray currents from 
electric railways or other sources of electricity. Therefore, in installing 
the grounding system to remove the static electricity from any part of a 
plant these factors should be considered and tests should be made to as- 
sure an effective ground. 

As has been stated above, static electricity can accumulate only when 
the humidity of the atmosphere is relatively low. When it is high the 
static electricity will be dissipated into the air as fast as it is generated. 
Advantage of this fact has been taken in developing systems for the 
removal of the static charges by artificially humidifying the atmosphere- 
This has been practiced especially in the cotton industry as in the operation 
of cotton machinery considerable static electricity is developed. To dissi- 
pate this and thereby to facilitate operating conditions systems of humidi- 
fication were developed. These have also proved of great benefit in pre- 
venting fires in cotton mills^, particularly those in the picker room. Inci- 
dentally, this is another proof of the fact that static electricity is the 
cause of many fires and explosions. This experience in humidification of 
cotton mills has led to the suggestion that it be practiced in other types of 
industrial plants where inflammable dusts are produced, as a means of 
prevention of explosions. In rare cases this might be advantageous, but 
the disadvantages in most cases would be greater than the advantages, 
and the expense of maintenance would be very high compared to the 
protection obtained. Humidification properly controlled and maintained 
will prevent the accumulation of static electricity and remove the hazard 
which it creates, but it cannot be economically applied in all industries. 
An equipment known as an electrical neutralizer has appeared on the 
market in recent years. Ordinary electric current is transformed into 
high frequency alternating current of high voltage and then passed through 
an apparatus known as an inductor, which is placed near the point from 
which it is desired to remove the static electricity. It is claimed that air 
around the inductor is charged with equal amounts of positive and nega- 
tive charges and that any charge of static electricity which may be gen- 
erated will immediately be neutralized by the opposite charge created 
in the air by the neutralizer. The authors have not tested out this equip- 

^ “Humidity a Factor in Cotton Picker Fires,” F. J. Hoxie, Quarterly National 
Fire Protection Assn., vol. 9, p. 399. 
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ment and are therefore not in a position to pass upon it. Howeve , 
several letters have been received from industral plants where it has 
been installed in which statements are made indicating that it has bee 
effective in neutralizing the static electric charge as fast as it is gen- 
erated. If it will do all that is claimed for it, a long step forward has 
been made in the prevention of the hazards of static electricity, i i 



Damage to bin foundations in river house by exp^sion at North 

So^^Chicago, 111. The pressure built up was sufficient to crack the solid concrete 
construction in both the bins and foundation walls. 


at least based upon the correct idea of removing or neutralizing the 
charge as fast as it is generated, and not allowing it to accumulate. 

It has been shown that static electricity is a hazard in industrial plants, 
particularly where inflammable dusts or gases are present. Not every 
individual discharge of it will ignite a dust or gas mixture, since the 
io-nition depends upon the nature of the inflammable material the amount 
of it which is mixed with the air at the point of the discharge, and upon 
the nature of the discharge. Even with the most inflammable mixture, 
an i*^nition may not result from the discharge spark, for its igniting 
power depends, upon the amperage and the frequency of the discharge. 
These factors have been roughly determined for cotton, but not for_ gases 
and dusts. However, since these substances are much more finely divided 
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and have more surface exposed, it is to be expected that they may be ignit- 
ed by discharge sparks of lower amperage and frequency. Even the sparks 
which will ignite cotton may be easily generated in industrial plants. 
Consequently it is very important that steps be taken to remove the 
static electricity as fast as it may be generated, and not allow it to ac- 
cumulate. 


CHAPTER VIII. 

EXPLOSIONS IN GRAIN THRESHING MACHINE S- 


It must not be concluded that dust explosions and resulting 
are confined entirely to industrial plants where explosive dusts are create*^- 
during the operating processes. Disastrous losses have resulted fro^^^ 
explosions and fires during the handling, threshing and harvesting ^ * 
grain, in certain grain growing sections of the United States. 

In the Pacific Northwest the wheat growing sections of Eastern WasP^" 
ington, Northern Idaho and the adjoining territory in Northeastei"^^ 
Oregon have experienced extensive losses from these dust explosions 
fires^. Similar occurrences have taken place in other sections of the 
and in some instances reports have been received of explosions of 
nature in some of the eastern and southern states. In one season aloti^ • 
in the Pacific Northwest as many as 300 of these explosions and fir 
occurred resulting in upwards of $1,000,000 loss.- For a number c > f 
seasons the losses ranged from $15,000 to $75,000 in machinery and grai 
destroyed by explosions and fires in grain threshing machines. 

Frequency of Explosions. 

The conditions under which these explosions occurred appear sonic* — 
what similar to those of other cereal dusts. During threshing operation s. 
the wheat smut- dust, which is very fine and powdery in form, is throw 
into suspension in the air around the cylinder and other parts of tine* 
machine and forms a mixture which can readily produce an explosioiir 
and fire if ignited. This mixture of smut dust and air may have limits o f 
explosibility similar to the gas mixtures, and it is quite possible at certai ? i 
times to have too much dust present, and at other times not sufficient 1 
form an explosive mixture. For this reason explosions may occur .rit 
given times under certain conditions and not occur at other times undent- 
somewhat similar conditions. 

Inflammability of Wheat Smut Dust. 

Reference has already been made in Chapter 1 to the tests conductec? 
by the Bureap of Mines in which explosions were produced when there- 
was only 0.32 oz. of coal dust suspended in each cubic foot of air. It waiK- 


^ United States Department of Agriculture Bulletin No. 379 — Dust Explosion si 
and Fires in Grain Separators in the Pacific Northwest. 

^ Smut is a cereal disease, Tilletia Tritici — commonly known as ‘'stinking smut«^®* 
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found that in order to produce complete combustion it takes all of the 
oxygen in one cubic foot of air to burn completely 0.123 oz. of coal dust 
used. Tests by the Bureau of Chemistry have shown that smut dust is 
highly inflammable and also that many of the cereal dusts have relatively 
lower ignition temperatures and produce higher pressures than coal dust. 
It could therefore be reasonably concluded that the explosive limits of 
cereal dusts would be lower than those of coal dust. 

In some of these thresher explosions two reports were heard. Such 
explosions are similar in nature and action to dust explosions in industrial 



Remaias of threshing outfit after dust explosion and fire. These explosions cause 
extensive damage to machines and grain. 


plants. The first report is usually short and quick while the second 
resembles a loud roar lasting longer than the first and accompanied by 
more flame. An explosive mixture consisting of sufficient quantity of 
smut dust in suspension, ignited by the proper source, would no doubt 
cause the sharp report usually heard first. This original ignition would 
probably produce sufficient concussion to shake into the air the dust that 
had settled in various parts of the threshing machine, thus forming an 
additional explosive mixture. The heat or flame from the first small 
puff would cause an ignition of this newly formed mixture and the ex- 
plosion would propagate through the entire dust zone in the same manner 
that explosions travel in industrial plants. This may serve to explain 
the loud rumbling sound sometimes heard, and the large body of flame 
that causes extensive damage. 

Origin of Explosion. 

Over 75 per cent of the explosions of this nature in grain threshing 
machines originate back of the cylinder or very near this point, indicating 
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that the source of ignition in the great majority of cases was near this 
part of the machine. Although local opinion, as is usually the case in 
new developments of this character, was inclined toward incendiarism, 
thorough investigations have shown that the occurrences are accidental 
in nature and caused in a large degree by the quantity of smut in the 
wheat and the very favorable climatic conditions in the territory affected. 
The experimental work by the U. S. Department of Agriculture con- 
ducted in the field and later at the Arlington Experimental Farm, Arling- 
ton, Va., showed that under ordinary operating conditions it is very diffi- 
cult to secure a fire in a grain threshing machine by the introduction of 
matches or other foreign materials. In some of the experiments, in order 
to set fire to the machine it was necessary to introduce a flame and to 
secure positive results, use was made of waste and rags soaked in gaso- 
line and ignited by a flame from the outside. Bundles of matches fed 
in with the straw did not cause a fire. 

The explosions occurred in all makes and types of threshing machines 
regardless of their size and mechanical operating features, but were most 
freciuent during the threshing of wheat containing large percentages of 
smut dust. The damage to the machines varied from slight damage to 
total destruction. In cases where fire fighting equipment had been pro- 
vided, the damage naturally was much smaller than in cases where no 
precautions had been taken. In many instances the flame from the ex- 
plosion and fire was blown into the straw pile and spread to the stacks 
of grain and also the unthreshed part of the field, resulting in some cases 
in the destruction of several hundred acres of grain. 

Static Electricity. 

The investigations of thresher explosions have indicated very defi- 
nitely that static electricity was responsible for a large number of these 
occurrences. It was very evident in the beginning of the investigations 
that a large quantity of static electricity was generated in a variety of 
ways during the operation of the separator. It may be generated by the 
friction produced by the rubbing of metallic parts, or by the slipping* 
of belts on pulleys, or it may result from the rubbing of grain, straw and 
dust against the metallic surfaces of the machine. By means of equip- 
ment especially designed and constructed, high voltages have been re- 
corded, and it has been found that static electricity is present in large 
quantities at certain periods of the day while the machines are operating. 
Data obtained in these investigations have assisted in the development 
of effective methods for the control of static electricity around threshing- 
machines and have also been valuable in working out methods for similar 
control in industrial plants. 

Grounding Methods. 

Considerable work was done in developing satisfactory grounding 
methods for the control of static electricity. The work was conducted 
along three distinct lines: First, separately grounding each part and each 
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shaft, the latter either directly or through its bearing; second, connect- 
ing wires from all affected parts to one conductor and grounding that 
conductor: third, wiring all affected i>arts to some metallic poition of 
the separator of sufficient magnitude to act as a ground. The first 
method was the most common among the thresher operators, although 
the second method was the one which the Department investigators 
mainly advocated. One of the wiring systems devised for grounding 
static electricity is shown in Figure 32. A study of this sketch will show 
that the common wire or conductor is grounded through a rod which 
should be driven in the ground at least three feet. There is a connection, 
A, to the common conductor from the shaft of the cylinder through the 
copper brush which is shown in Figure 31. This brush is in contact 
with the shaft itself and not in contact with the bearing. This construc- 
tion is used to avoid any possibility of insulation due to the film of oil 
between the shaft and the bearing. The grain pan is connected to the 
lead, B. The lead C, which extends over the shoe sieve, connects that 
part of the separator to the common ground wire. The shoe screen is con- 
nected to the lead D. The lead E connects the metal casing of -the stacker 
fan to the common ground wire. The stacker fan is connected to the 
common ground wire through the copper brush at F. This is "the same 
kind of brush shown in Figure 31 which is also used to ground the 
cylinder shaft. It should be remembered that the best results are' obtained 
by connecting the brush to the stacker fan shaft rather than just ground- 
ing the bearings of the stacker fan. The investigations in the field indi- 
cate that the moving parts just described are the ones on which static 
electricity is likely to be generated. These investigations also show that 
there were occasional collections of static electricity on the metal casing. 
For this reason that connection was made. The common lead wire and 
its main branches are of No. 14 copper wire. 

Blower Fans. 

Special dust collecting fans designed by the United States Depart- 
ment of Agriculture^ for the prevention of grain and smut dust ex- 
plosions and fires in threshing machines have been found to be effective 
in: 1. The prevention of explosions and fires in threshing machines, 
by collecting the dust from the interior of the separators, thus preventing 
the formation therein of explosive mixtures of smut and grain dust and 
air. 2. The cleaning of grain, particularly of smut, as an economic fea- 
ture in grain handling because of its e&ct on the grading of wheat 
under the Federal standards. 3. The control of the wind dissemination 
of smut spores. In addition these fans materially improve working con- 
ditions about the machine. Such fans should be installed on as many 
grain separators as possible, particularly in the Pacific Northwest, and 
in all other grain growing sections where bunt or stinking smut of wheat 
is prevalent. 


United States Department of Agriculture Circular 98— ‘The Installation of 
Dust Collecting Fans on Threshing Machines for the Prevention of Explosions and 
Fires and for Grain Cleaning.’’ 
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It is impossible to give detailed specifications of a fan installation 
adaptable to all types of grain separators, because of the peculiar and 
■characteristic construction of the various makes of threshing machines. 
Special attention should be given to many important features in the se- 
lection and installation of dust collecting fans. Extensive investigations 
and experiments have shown that to be most effective and satisfactory 
such equipment for threshers should embody as many as possible of the 
following general points of design and construction : 

1. A centrifugal type, steel plate exhaust fan is most desirable. 

2. A single-inlet type fan has the advantage of offering the least 
obstruction to the deck. The fan casing should be volute or spiral. 



Explosion of -wheat smut dust in threshing machine in Pacific Northwest. 


3. The fan drive should be as direct as possible from the cylinder 
shaft. The fan pulley should be as large as is practicable to prevent 
undue slippage of the belt. A minimum diameter of 4 inches is rec- 
ommended. 

4. A light running fan of simple but rigid construction securely 
attached to the frame of the separator answers the purpose best. 

5. Ample exterior bearings should be provided with no overhang 
of the shaft. 

6. The fan should have a peripheral speed of approximately 6500 
feet per minute, with a capacity, under field conditions of from 35 to 40 
cubic feet of air per second for medium sized machines, ranging from 
26 by 46 inches to 32 by 54 inches. The above values would be slightly 
greater for a larger machine and slightly less for a smaller machine. The 
revolutions per minute of different size fans may be varied to obtain 
the constant peripheral speed suggested. Based on these figures, a fan 
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of regular size — 21 inches in diameter from tip to tip of vanes— should 
run at a speed of approximately 1200 revolutions per minute, ihe same 
results could be secured with a larger fan operated at a lower speed or 
with a smaller fan operated at a higher speed. The smaller fan of course 
has the advantage of occupying less space. The air resistance of such 
a fan operating under general threshing conditions would be a pressure 
of approximately two ounces per square inch. 

7. The eye or inlet of the fan should be located opposite the fan 
pulley at the center of the casing. The discharge pipe should have an 
area at least as great as that of the inlet. 

8. To collect dust and other foreign material from the se|)arator 
most effectively without removing the heavier particles, a fan must liandle 
or remove a large volume of air with a very gentle movement at the 
intake, the velocity of the air increasing as it approaches the inlet or eye 
of the fan. This condition is produced by means of a tapered intake of 
large area at the base. 

9. The intake hood should be tapered and the intake should cover 
a deck area of not less than 600 square inches. 

10. The intake should be centered and placed at a forward position 
on the deck. On most machines this location would be over the beater. 

11. If straw, grain, or other heavy material is thrown upward into 
the fan intake by the beater or cylinder of the separator, it will be neces- 
sary to place a deflection plate or baffle board, preferably metallic, under 
the intake at an angle of approximately 30° with the deck. 

12. The absence of sharp, abrupt curves or bends in the intake and 
connecting parts is most important. Elbows of all piping should have an 
ample sweep or radius. If possible, no turn in an air pipe should be 
made with a radius of less than twice the pipe diameter. 

13. The least possible obstruction should be offered by the fan 
equipment to the deck and to the interior of the machine through the deck 
doors. 

14. The fan discharge should be conducted through a metal j3i])e to 
the rear of the separator; thence by a canvas tube into the base of the 
straw stack. wSuch an arrangement greatly reduces the wind dissemination 
of, and subsequent soil infestation by, smut spores which otherwise would 
be blown into the air. 

15. If two or more discharge pipes are united, the cross-sectional 
area of the final common pipe should be approximately equal to the 
combined cross-sectional areas of the original pipes. Otherwise the effi- 
ciency of the fan is greatly impaired. 


Types. 

At the suggestion of the United States Department of Agriculture, 
various threshing machine companies have manufactured and installed 
special fan equipment on numerous machines operating jirincipally in the 
Pacific Northwest. Figure 33 shows one of a number of effective and 
satisfactory types of these fans. This fan is driven directly from the 
cylinder shaft at a speed of 1000 revolutions per minute. The whole 
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equipment is well constructed and rigidly attached to the separator frame. 

le two intakes, one over the cylinder, the other above and just back 
of the beatei, should be noted. A metal deflection plate placed directly 
under the front intake, at an angle of about 30° with the deck, prevents 
the cylinder from ^throwing into this intake any straw, grain, or other 
lieavy material. This fan removes large quantities of dust, mainly 


Fig. 33. 

Effective Fan Installation on Threshers. 


tlirongh the rear intake. The equipment would no doubt be more efficient 
if tlu* front intake were eliminated, the rear intake enlarged and moved 
sligiitly forward ?ind the intake hood built along pyramidal lines, with no 
sliarp abru])t curves. 

Extinguishing Systems. 

dliere is always the possibility that explosions and fires in grain sep- 
arators may he caused under certain conditions by sparks resulting from 
the entrance into the machine of foreign materials and by hot boxes. 
Altliongh the results with fans and grounding systems have been satis- 
factory, effective fire extinguishers adapted to threshing machines afford 
additional protection irrespective of the cause of the explosion or Are. A 





Automatic FiRt Extinguisher, 
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successful extinguisher must be capable of spraying the entire interior 
of the machine instantly Investigators of the U. S. Department of Ao-ri- 
culture endeavored to determine the relative efficiency of the several 

Sen'll? and fire extinguishers in use. It was found 

Uicit there were many different types and patterns of sprinkler systems 
in general use throughout the territory, but they were almost ail included 
in three different classes^ : 


1. JThe chemical fire exting'uisher. 

with (a) air pressure, (b) steam pump compression 
d. Hose or pipe from boiler to separator. 


Chemical Fire Extinguishers. 

Ihe chemical fire extinguishers consisted essentially of a suitable tank 
approximately two-thirds full of water charged with sodium bicarbonate 
a bottle containing sulphuric acid placed either within the tank or in a 
small chamber supplementary to it, a tripping device either to upset the 
bottle or to break it, and a system of slotted pipes placed under the deck, 
ihe chemical extinguishers adapted to threshing machines are represented 
by two types, classed as non-automatic and automatic. With the first 
type the bottle of acid is upset or broken by the action of a plunger con- 
nected to a lever operated by hand. The second type differs from the 
first in that the operation of the plunger and lever is controlled bv a sys- 
tematic arrangement of fusible links, wires and springs. 

An automatic extinguisher designed in the Bureau of Public Roads 
and Rural Engineering of the U. S. Department of Agriculture is shown 
in Figures 34 and 35. A full sized working model of this extinguisher 
wjLS constructed and tried out in the explosion galleries of the Bureau of 
Mines at Pittsburgh, Pa., and also on four representative types of thresh- 
ing machines at the Arlington Experimental Farm. In a total of 27 tests 
the extinguisher operated satisfactorily, and in no case did it fail to 
operate automatically and properly and to extinguish the fire before any 
damage was done. 

The automatic extinguisher consists of the following parts: Tank 
(A) mounted on top of the machine; within the tank a bottle (C) con- 
taining sulphuric acid; a discharge pipe (H) ; a tripping mechanism com- 
posed of operating levers (G) and main tripping lever (L) ; a trigger 
(N) ; discharge nozzles (I) ; and fuses (F) mounted in a wire line. In 
the discharge line between the tank and the machine may be mounted a 
three way valve (P) from wdiich there may be led. as at (R) a hose con- 
nection for extinguishing outside fires. The tank is filled with water 
containing soda and the extinguisher operates as follows: 

The presence of sufficient heat within the machine will melt one of 
the fuses (F). This breaks the wire line, releasing the trigger which frees 
the tripping mechanism, causing a hammer within the tank to strike a 
blow sufficient to break the bottle. The discharge of the sulphuric acid 


^United States Department of Agriculture Bulletin No. 379 — “Dust Explosions 
and Fires in Grain Separators in the Pacific Northwest.” 
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into the water containing soda causes the formation of carbon dioxide, 
which generates sufficient pressure to force the water through the dis- 
charge pipe and the nozzles to all the crevices of the machine. 

ihe location of the fuses (F) shown in the figure are those suitable 
to the particular type of machine shown in the drawing. The locations, 
however, will vary with each machine, and must be selected so that the 
fuses are sure to be reached by the flame or the heat, but not so placed 
that the wire connecting them is likely to be broken by the straw or the 
moving parts of the machine. 

The following points should be observed in the location of the nozzles 
dependent entirely on the construction of the machine: 

(1) Locate one nozzle directly above the cylinder if possible; if 
not, place it so that the beater will diffuse the spray from that nozzle. 

(2) Run the pipe along underneath the roof of the machine with the 
nozzle pointing downward. 

(3) Install a number of nozzles along this line, and so locate them 
that every chamber in the machine is thoroughly served b}" a nozzle. 

(4) Particular pains should be taken to serve dead air spaces, as it 
is in these that dust is likely to accumulate. 

(5) As the stacker end of the machine is less likely to contain any 
closed chambers, it is probable that, in most types of machines, the nozzles 
at this end may be 30 inches or more apart. 

(6) The last nozzle along the pipe line and within the machine should 
be just above the end of the shakers. 

(7) One nozzle may be located in the wind stacker by means of a 
flexible connection from the pipe line. 

The tripping mechanism of the automatic extinguisher is so arranged 
that it may also be released by hand, and also arranged so that it can be 
locked while on the road. Two j^unds pull is sufficient to release it, but 
it has proved to be sufficiently rigid to withstand the jar and vibration due 
to threshing operations. In no case did it release itself prematurely. Ir 
would appear, that when not in use on the threshing machine, the ex- 


\ 




tin^'uishei" can be mounted on running gears and used for general fire 
pr5:ection about the farrn. A special spray nozzle designed for use with 
the extinguisher is shown in detail in Figure 36. 
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Water Under Pressure. 

On a number of separators water tanks were used that could be 
pumped to 100 pounds pressure per square inch by a special air pump. 
These tanks were equipped with a system of piping from the tank to the 
separator much the same as used in chemical extinguishers. The results 
obtained did not appear to be entirely satisfactory, possibly because of 
the fact that as soon as some of the water had sprayed out the pressure 
dropped so rapidly that there was not sufficient pressure remaining to be 
effective. However, a number of machines were saved from total de- 
struction by using this type of sprinkler. One installation consisted of 
a 40-gallon water tank on top of the separator connected to the engine 
pump which maintained a pressure of 70 pounds per square inch. By 
the pulling of a wire, the pipes from the tank were opened and the water 
carried to perforated pipes in the separator. No fires occurred in this 
machine so the tank did not receive a thorough trial. 

Steam Line from Boiler to Separator. 

In many cases steam or water hose was used from the engine boiler 
to the separator with satisfactory results. The popularity of such an 
arrangement was due to the comparative cheapness of the system (about 
$50 to $75) and also to the success attributed to it by the men who had 
used it. When regular steam hose was connected to a point on the boiler 
below the water line the best results were obtained. When the valve 
was opened at the boiler a volume of steam and water was obtained at 
pressure which was usually sufficient for extinguishing the fire. A steam 
pipe line was used when it was difficult to secure steam hose because 
ordinary rubber hose is not safe for a steam line. Steam piping made a 
much more clumsy installation but when swinging joints were properly 
installed it worked successfully. 

Conclusions. 

The methods of prevention developed by the U. S. Department of 
Agriculture have proved effective in reducing the losses from dust ex- 
plosions and fires in grain threshing machines during their operation. 
Every machine operating in areas favorable to dust explosions, especially 
during the threshing of smutty wheat, should be equipped with a ground- 
ing system for removing static electricity, dust collecting fans and an 
effective fire extinguishing system. The results obtained by the adoption 
of these precautionary measures in the Pacific Northwest suggest the 
advisability of their extension to other grain growing sections where dust 
explosions and fires may occur during threshing operations. 



CHAPTER IX. 

PLANT CONSTRUCTION. 

The construction of the plant can be a factor in the prevention of 
dust explosions and also in the extent of the explosion if it permits the 
presence of dangerous quantities of dust. Some of the most disastrous 
dust explosions in the United States and Canada have occurred in large 
terminal grain elevators and industrial plants built of fire resistive ma- 
terials ahd v^^ell constructed as far as modern engineering principles are 
concerned. This fact indicates very definitely these plants must be well 
maintained and the explosion hazard recognized. 

It has been demonstrated often and with costly results that so-called 
''fireproof’' plants are not necessarily "dust explosion proof” and that 
the damage is usually very great when an explosion occurs in a plant of 
Ihis type. This is not by any means intended as a reflection on construc- 
tion of fire resistive materials, because in the opinion of the authors this 
is essential, but to develop and emphasize the point of proper upkeep 
and maintenance within the plant. 

Advances in Construction. 

Within recent years many changes have been made in the type of 
construction used for mills and elevators in this country. The old water- 
power mill constructed of logs and located along some stream from which 
it derived its power, is rapidly being replaced by larger mills of modern 
construction generally of reinforced concrete. Their location depends 
now more upon the source of grain supply and the market for their 
product because electric power has replaced the less dependable water 
power. Like the mill the small country elevator of frame construction is 
l3eing replaced by more modern buildings of steel or reinforced concrete. 

Within the mill and elevator numerous changes in the machinery and 
method of installation are found. Machines running at high speed have 
replaced the slow moving ones and the many improvements made have 
increased their capacity. 

All of the changes mentioned above are closely related to the subject 
of dust explosions. In the old style frame building little if any attention 
was given to the collecting or removing of dust. Because of its con- 
struction the building was hard to clean, and it was difficult to protect it 
from explosions and fires. If a minor explosion occurred it was generally 
followed by a fire which completely destroyed the property. Realizing 
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this danger, the owner or manager took special pains to see that careless- 
ness was not responsible for the starting of a fire in his plant. The 
workmen having a greater interest in the plant were probably more care- 
ful than the workmen of today. It has also been suggested that possibly 
the location oi the plant along the stream with water often running 
directly beneath the building might also have helped in reducing the dust 
explosion hazard in these small mills as the inflammability of grain dusi 
decreases as the moisture content increases. 

The construction engineer’s first step in the development of a better 
type of structure was to build of fire resistive material. The replacement 
of the old frame structures with those of brick, stone or reinforced con- 
crete was a long step in the right direction, but it had this bad effect. 
It has caused overconfidence in the safety of the plant. The workman 
feeling that he is working in a “fireproof” plant has a tendency to carry- 
open lights, strike matches or smoke in the building. Even the company 
officials have often been misled by the word “fireproof.” In many instances 
the proper equipment for fire prevention has not been installed with the 
result that small fires have been permitted to assume large proportions 
and result in dust explosions. The most destructive explosion on record 
occurred in a plant where the company felt that insurance was not essential 
since there was no material in the construction that could burn. 

Engineers now realize that it is useless to attempt to confine the 
explosion by types of strong construction. In fact light construction has 
proved effective in releasing explosion pressures and localizing the effect. 
The importance lies in recognizing that dust explosions build up excessive 
pressures and cause extensive damage when the construction does not 
permit the ready release of the pressure developed in the early stages of 
the explosion. 

Since it has been found in dust explosion study that the larger the 
quantity of dust in a plant the heavier and more disastrous the explosion, 
more attention is being given to the installation of equipment and devices 
for the elimination of the dust. At the same time fire resistive construc- 
tion is not only being retained but it is being improved. Modern types of 
dust collectors are being installed and special consideration is being given 
to the elimination of all possible lodging places for dust as it is realized 
that no collecting system gathers up all of the dust from beams, ledges, 
window sills, floors, etc. Where it is impossible to eliminate a ledge 
entirely it is the practice to bevel the exposed section to an angle greater 
than the angle of repose of the dust. In the modern mill or elevator the 
walls and ceiling are made as smooth and free from offsets as possible. 
Special precautions should be taken in the installation of the dust collecting 
system because there is always a certain amount of dust in suspension 
within the collector. For this reason provision should be made to have 
the collector exhaust outside so that if an explosion occurs within the 
collecting system the pressure can escape without doing any damage to 
the building. A better system perhaps is to have the collectors located 
outside of the buildings or in a detached section. One company has 
provided a dust house several hundred yards from the plant, large enough 
to accommodate a railroad car. The dust collecting system blows the dust 



PLANT CONSTRUCTION. 177 

directly into the car from the plant and when the car is full it is removed 
and an empty one put in its place. 

From general observation the most popular type of elevator construc- 
tion used today and the one which appears to offer the greatest protection 
from damage by dust explosion is the cylindrical tank type built of steel 
or reinforced concrete. In some cases, generally in the smaller plants, 
square bins are used and prove very satisfactory. In both types the 
walls should be absolutely free from ledges inside or outside, and the bins 
should be covered. This arrangement is for the purpose of eliminating 
an air space or dust cloud over the bins and to prevent a fire in one com- 
municating to the others. Manholes with ventilating covers should be 
provided at the top of each and a relief valve or opening from the top 
of a bin to the outside air is often advisable because it provides for the 
release of pressure should a puff or small explosion occur. All bins 
should be connected with a suction system which will remove the fine 
dust from the grain as it enters. 

Special precautions should be taken in the construction of the work 
house because it is generally in this part of the plant that the fire or ex- 
l>losion originates. The building and equipment should be of fire re- 
sistive material throughout as far as possible. It is advisable to provide 
some means to relieve the pressure should an explosion occur. This can 
be accomplished in the modern daylight type of building by having large 
window areas of thin glass. Where there is considerable vibration and 
possibility of fire from without, wired glass windows loosely sealed to the 
frames should be used. Where the windows are opened frequently fine 
screens should cover the opening exposed to sparks from locomotives. 

Steel curtain doors are being used in elevators on the working floor. 
During the day these doors are opened to provide good ventilation and 
to act as a vent to any explosion that may occur. 

It is estimated that 80 per cent of the fires in mills and elevators start 
in the elevator head, legs or boots, a fact which shows that special atten- 
tion should be given to this equipment. Non-chokeable elevators are now 
obtainable and they should be installed wherever practicable. A choked 
elevator will cause the belt to slip, stop or run out of line, resulting in 
friction fire and an explosion. Where electric power is used and an indi- 
vidual drive is arranged for each lofter this danger can be controlled by 
a cut-off on the motor which will shut off the power when the belt 
becomes overloaded. A full-bin alarm signal system is a handy device 
to have in the elevator as it will give a warning in time to prevent a choke 
if the grain backs up from the full bin into the elevator discharge spout. 
A weighted boot pulley can often be used to advantage on large elevators 
because it adjusts itself to the varying length of the belt when running 
light or loaded. Screens or a close grating should be provided to prevent 
any pieces of metal or stones entering the boot of the elevator with the 
grain. They are liable to lodge and cause sparks to be struck when the 
elevator buckets come in contact with them. 

It is advisable to enclose elevator belts for their entire length instead 
of providing a well or vacant bin for them to run in between the bottom 
of the bins and the bin floor because this practice permits a large dust 
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cloud to collect at a point in the plant where it can do the most damage 
should an explosion occur. There should be provided separate legs for 
the up and down side of'the belt and a relief valve and ventilator through 
the roof to the outside of the building for each large elevator lofter. All 
elevator heads should be connected with a suction system which will 
remove the fine dust. 

In addition to that on the bins and elevator heads, suction systems 
should be installed to collect the dust at the cleaners, at the scale hoppers, 
at the tripper, and at the end of the belt conveyor where the light dust 
which sticks to the belt is thrown off as the belt goes over the pulley. 
Suction floor sweeps should be arranged to remove the dust which settles 
on the floor and at the bottom of the elevator pits. All garners, scale 
hoppers, and receiving bins if not equipped with a suction system should 
liave natural vents run through the roof of the building to provide for the 
escape of the dust laden air from the bins when being filled with grain. 

As a rule, elevator owners or managers as a result of regulations by 
the terminal grain exchanges do not look with favor on any system which 
they think will affect the weight of the grain they are handling and are 
of the opinion that suction systems will remove enough material to cause 
them a loss because of the reduction in weight of grain delivered from 
the weight received. Limited tests, preliminary in nature, show that this 
is not the case, and indicate that the collection of the light explosive dusts- 
will not vitally affect the weight of the grain. 

Electricity seems to be the favorite power in use today, and the 
tendency seems to be toward the individual drive. There are many ad- 
vantages -to this system since it is not necessary to shut dowm the entire 
plant because of a defect in one machine or motor. The squirrel cage 
type of induction motor is probably the most satisfactory because it op- 
erates on alternating current and the danger of sparking is reduced. 
Wherever possible the motor should be enclosed to prevent dust accumu- 
lating on the brushes. 

In an elevator it is often the little things that count. One little spark 
may cause a disastrous explosion. The electric wiring should be in con- 
duits or armored cable. The switch boxes should be well protected and 
kept closed when not in use. If possible they should not be placed in a 
dusty section of the plant. The light globes should be well guarded. 
Vaporproof globes are proving very satisfactory in plants of this kind, 
and they should be installed wherever there is danger from dust. Static 
electricity in a dusty mill or elevator is dangerous because it collects on 
belts and machinery and produces sparks when it jumps from one body 
to another. This hazard can be eliminated by grounding all belts and 
machines on which static electricity is found. A wire running from the 
machine or belt to the ground prevents the building up of a charge and 
the formation of the spark. 

In the year ending April 30, 1919, of 78 elevator fires in which the 
cause was reported, 19 were caused by lightning. It is well therefore to- 
protect the property with lightning rods that are well grounded. Fifteen 
of the fires mentioned above were caused by locomotive sparks. As sug- 
gested previously, all windows or openings on the side of the plant facing 
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the railroad where sparks might enter the building should be carefully 
screened. 

In addition to taking all precautions to prevent fires the property 
should be well supplied with fire-fighting equipment in case the unexpected 
happens. A sprinkler system is probably the best protection that can be 
obtained. A sprinkler head should be installed in the head of each ele- 
vator leg. Care should be taken to avoid placing the main supply pipes 
of the system in a position where they might be ruptured in case of an 
explosion. This has happened in a number of cases and the plant has 
been left entirely unprotected as a result of the destruction of the sprinkler 
system by the initial explosion. The small extinguisher and the stand 
pipe and hose are also valuable in fighting fires which might otherwise 
gain headway and spread to a dusty portion of the plant and cause an 
explosion. Such apparatus should be provided wherever necessary. 

The same type of fire-resistive construction suggested for elevators is 
adaptable to other types of industrial plants and to flour and feed mills. 
There should be plenty of light and good ventilation. Especially in flour 
mills, attention should be given to general appearance and cleanliness. A 
food product is prepared in these plants, and cleanliness is of the first 
importance. There should be no lodging places for dirt or vermin. It is 
well to have the milling and grain cleaning departments separate to prevent 
phe dust caused by cleaning the grain spreading through the mill. Any 
feed grinding done in connection with the milling business should be done 
in a separate building or a detached section of the main plant. 

The records show more explosions in feed than in flour mills, and 
this has been credited to the cleaner condition in which the flour mills 
are generally kept. It is a good plan to place the cloth dust collectors 
which are commonly used in flour mills, on the top floor or in a detached 
section of the plant. Should an explosion occur and follow the air current 
through the trunking to these collectors its effect will be confined to that 
section of the plant in which the collectors are located. 

In milling plants as well as in elevators, the construction engineer 
has taken steps to eliminate the large dust cloud. In a mill the dust 
cannot be destroyed or blown outside the building because it is a part of 
the product, but arrangements can be made to prevent large accumulations 
of it in one place. Small tanks for temporary storage of the ground 
product before sending it to the large storage tanks are advisable. They 
should be large enough to hold a half day’s run of material, and enough 
of these should be provided to allow the product to remain in them 24 
hours. If any hot metal or smoldering embers have entered these’ tanks 
with the feed and started it burning, the fire will be discovered before 
the material is sent to the large tank, and the loss will be confined to the 
amount of material in the temporary storage tank. 

Small bins kept well filled are much safer than large ones only partly 
filled and having a quantity of dust in suspension. This is especially true 
of storage bins inside the plant. One company has eliminated even the 
reserve bin over the packer. The material is packed direct as it comes 
from the conveyor leading from the grinding machine to the packer. 
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The same general suggestions 'made for elevator construction apply 
also to mill construction. The general rules now widely observed in new 
construction are : 

1. Build of fire resistive material. 

2. Use fire resistive equipment. 

3. Eliminate all ledges or lodging places for dust, or bevel all ledges 
that cannot be eliminated. 

4. Eliminate all large storage bins inside the mill building or work- 
house. 

5. Convey direct to packer wherever possible. 

6. Provide plenty of light and good ventilation. 

7. Use wired glass windows and protect all openings with screens 
on sides of property adjoining railroad or other buildings. 

8. Install dust collecting systems. 

9. Install suction at all points where dust is produced. 

10. Place dust collectors outside the building or in a detached section. 

11. Protect the plant with approved lightning rods. 

12. Ground all machines or belts where static electricity might be 
formed. 

13. Install sprinkler system or other efficient fire-fighting equipment. 

14. Keep buildings a safe distance from each other to prevent damage 
of all by an explosion or fire in one. 




CHAPTER X. 


COTTON GIN FIRES. 

I For many years the cotton gins of the South have experienced more 

or less trouble with fires. Some sections of the country seemed to be 
I affected worse than others. In the fall of 1917 the gins in the western 

; cotton belt, especially in Texas and Oklahoma, were troubled with an 

I unusually large number of these fires, and many plants and large quantities 

of cotton were destroyed. From such information as could be obtained 
it appeared that the weather conditions at the time of this epidemic of 
fires were similar to those which prevailed in the Palouse country of 
’ the Pacific Northwest when large numbers of dust explosions occurred 

! in grain separators. As stated in Chapter VII these explosions were 

found to have been caused largely by the ignition of dust by the discharge 
spark of static electricity. It was thought that this same condition might 
have existed in the cotton gins, that is, that the cotton was ignited by 
static electricity. Owing to the lateness of the season when the news of 
the epidemic reached the authors, it was possible to make but a brief 
I preliminary investigation. 

The available information showed that the fires began late in Septem- 
ber and that they were unusually frequent until rains set in about the 
twentieth of November. During this period of about two months the 
I'ainfall was negligible and the humidity was very low, a condition very 
I favorable for the generation and accumulation of static electricity. 

! During the fall of 1918 investigations were carried on throughout the 

I cotton belt of Texas and. Oklahoma to determine, if possible, the cause 

I of these fires and to develop means of prevention. As far as possible, 

; the scenes of the fires were visited and thorough first-hand investigations 

were made. In some cases letters were sent to the owners of the property 
! and the information was obtained by mail. In connection with these 

investigations and through contact with insurance companies and with 
ginners who had not experienced fires in 1918, considerable information 
' was also obtained on the general subject of fires in cotton gins and more 

especially on the conditions surrounding the fires of 1917. 

It seems that there is hardly a step in the ginning process where fires 
do not occur at one time or another. They have been known to start 
1 in the farmers' wagons and to be drawn up into the gin machinery, and 

also to break out in the baled cotton after it had been removed from the 
i gin to the storage yard. Ginners do not altogether agree as to the point 
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Cotton gin at Elm Mott, Tex^ destroyed by fire August, 1918. 

fires is matches in the seed cotton as it is brought to the gin. In fact, 

out of 394 fires which were investigated during the season of 1918, and 

to which definite causes were assigned, the origin of 205 was attributed 
by the ginners to matches. The next highest number from any one 

definite cause was that assigned to the hanging of cotton in the ribs 

of the gin.. The sticking of the cotton in the ribs is supposed to be a 
result of the ginning of damp or wet cotton, of rough places on the ribs, 
or of dull saws. Foreign material in the cotton, friction in the machinery 
through its misalignment, and hot bearings are other causes. A few 
ginners expressed the belief that static electricity was responsible for 
most of the trouble. In most cases these men had formed their opinions 
from their particular experience with the static in the gins and the means 
employed for removing it. 

In order to determine the actual danger from matches in seed cotton, 
arrangements were made to conduct a series of tests in two different types 
of gins. In one case more than 500 of the ordinary birdseye matches, 
which can be struck easily, were placed in about half a load of cotton. This 
was then drawn through the gin in the regular process. No fires broke 


in the gins where most of the fires originate. They are prejudiced, 
naturally, by their own experiences. For instance, some gins have had 
fires only in the cleaners or between the wagon and the huher breast oi 
the gin ; some have experienced fires only in the huller breast or in the 
gin proper ; while others have had no fires except in the bales after they 
have been tied out. 

Many different opinions as to the causes of these fires have been ad- 
vanced, but the cause which ginners consider responsible for most of the 
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out in the cleaner, in the pneumatic distributor, the feeders, the stands, 
the lint flue or the bales. Two small fires, however, occurred in the 
huller breast, but they were easily extinguished. In another case 38 
marked matches were placed in about 600 pounds of seed cotton in the 
seed-cotton house, whence they were drawn along with the cotton into 
the cleaner. The feeders were shut off, thus forcing* the cotton out 
through the overflow. No fires occurred. Then 47 more matches were 
added to the cotton on the overflow and the whole was again drawn 
through the cleaner and allowed to go on through the feeders to the gin 
in the usual way. Again nO' fires were observed in the cleaner, the belt 
distributor, the feeders, the gin stands, the lint flue or the bale. As in 
the previous test, however, two small fires occurred in the huller breast, 
and were as readily put out. The.se results, only four small fires in the 
huller breast from nearly 600 matches in less than one load of cotton, 
would seem to indicate that matches were not as important a factor in the 
starting of fires as had been supposed, and especially at any other point 
than in the huller breast. It was, therefore, necessary to look for some 
other cause. 

During the period of the investigation, all possible information was 
obtained as to the date of the fires, the time of day they occurred and 
all conditions peculiar to each fire. .Records were also obtained from the 
Weather Bureau showing the relative humidity on the different days in 
various sections of the affected territory. A comparison of all the fires, 
the dates of which are definitely known, with the average relative humidity 
in the sections in which the fires occurred is shown in curves in Figure 37. 
The dotted line in the upper curve indicates the total number of fires 
which occurred on any one day, while the solid line indicates the number 
of fires which occurred in the cotton cleaners. Below these, a solid line 
curve shows the average humidity in the inverse ratio, that is, the curve 
rises as the humidity decreases. It will be noted in these curves that 
the largest number of fires have occurred during periods of low humidity, 
and that there is a similarity in the direction of these curves. If the dates 
of all fires were included, there is no doubt but that this relation would 
be much more noticeable, because in the case of 213 fires, the exact date 
of which could not be obtained, it was found that 19 occurred about the 
middle of August, 35 in the middle of September, while 13 took place in 
the first week in October. These data would indicate that some relation 
must exist between the atmospheric conditions and the fires, especially 
those starting in the cleaners. 

In Table XXIII it will be noticed that the largest number of fires oc- 
curred between 2 and 5 in the afternoon, that part of the day when the 
temperature is normally the highest and the relative humidity is lowest. 

It was not determined whether the changing of the relative humidity 
from morning to afternoon would have an appreciable effect on the mois- 
ture in the cotton, but it is doubtful if it would have on account of the 
shortness of the time, but a few days of low humidity would certainly 
decrease the moisture content of the cotton, and thereby increase the case 
with which it might be ignited. There was also a marked difference in 
the amount of static . electricity present in various parts of the gin at 




Fig. 37. — Cotton Gin Fires and Relative Humidity, August to October, 1918. 
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different times of day. It was much more noticeable in the afternoon 
than at any other time ordinarily, but during periods of low humidity 
there was little or no change during the day. 

The fall of 1917 was one of the longest periods of drought and of 
low humidity experienced in the western cotton belt during the ginning 
season. From the information obtainable it was found that the fires 
occurred almost entirely during this dry weather and that very few 
started after the rains began. During this time static electricity was 
present in such large quantities in some gins that it was not possible to 

TABLE XXIII. 

TIME AND LOCATION OF FIRES IN COTTON GINS. 


Time of day. 

Cleaner. 

Huller. 

Stands. 

Bale. 

Total 

2 

a. m 



1 


1 

7-8 

a. m 

1 




1 

8-9 

a. m 

2 

1 

1 


4 

9-10 

a. m 

7 

1 

1 


9 

10-11 

a. m 

13 

5 

5 

1 

24 

11-12 

a. m 

15 

6 

3 


24 

12-1 

p. m 

13 

4 



17 

1-2 

p. m 

10 

3 

5 

2 

20 

2-3 

p. m 

42 

5 

3 

2 

52 

3-4 

p. m 

48 

11 

2 

•4 

65 

4-5 

p. m 

27 

3 

4 

2 

36 

5-6 

p. m 

10 

4 

1 


15 

7-8 

p. m 



1 


1 

8-9 

p m 

3 


1 

1 

5 

9-10 

p. m 

5 

1 

1 

2 

9 

10-11:30 

p. m 

2 




2 

Morning 


4 

2 


1 

7 

Afternoon 

21 

9 

2 

2 

34 

Not given 

13 

5 

7 

10 

35 

Total 

236 

60 

38 

27 

361 


Operate them, and steps had to be taken to remove or dissipate the chai'ge. 
It was not only noticeable on the machinery, but it was present in such 
quantities that it was almost impossible to handle or approach any part 
of the machinery. It would also cause the cotton to stick in the lint flue 
and in other parts of the gins, gradually clogging them up until they 
would not operate, holding the cotton as a magnet holds pieces of steel. 
At such times it was often necessary to close down the gin and to clean 
out the cotton before operation .could be continued. In many cases 
sparks 4 to 6 inches in length could be drawn from various parts of the 
machinery. During this entire period fires were occurring so frequently 
that it was not unusual to have 6 or more fires in a gin during a single day. 

In order to overcome their trouble with the static electricity, the gin- 
ners resorted to various methods. In one instance live steam was injected 
into the suction pipe before the cotton reached the cleaners. Often the 
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entire gin house was wet down frequently during the day. In other cases 
wet burlap was kept suspended in the plant. In some gins where there 
was particular trouble in the lint flues, bagging or wet blankets were 
used to humidify the atmosphere to remove the static charge. It is 
interesting to note that practically no more fires occurred in the gins which 
employed any of these measures to remove static electricity. 

As it was argued by many that a static discharge did not have sufficient 
igniting power to fire cotton, tests to determine the accuracy of this 



Result of cotton gin fire at Denton, Tex,, August, 1918. 


Statement were made in the Southern Methodist University at Dallas, 
Texas, where a static electrical machine was available. No difficulty was 
experienced in igniting the cotton even with a very short spark. Refer- 
ence has already been made in the chapter on Static Electricity to the 
work conducted in co-operation with the Bureau of Standards. After 
these practical demonstrations there would seem to remain no chance to 
doubt that static electricity will ignite cotton, and that it is one of the 
most common causes of fires in cotton gins. 

During the investigations, information was obtained on 695 fires which 
occurred during the 1918 season. Inasmuch as 404 of these occurred in 
the cleaners or at some point between the wagon and the feeder, full 
particulars were obtained, so far as possible, as to the type of cleaners 
used in these various gins. The relation between these different cleaners 
in use in the gins visited and the number of fires which have occurred in 
them is shown in Table XXIV. 
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It will be noticed that these have been arranged according to the 
number of cleaners in the gins visifed, the largest being given first. It is 
interesting to note that fires were experienced in fully SO per cent of 
cleaners of three dififerent types which were in use, Nos. 2, 4 and 7 ; in 
26.4 per cent of cleaners of the type most largely in use; and in only 14 
per cent of another type. It is believed that this difference is caused al- 
most entirely by the, construction of these cleaners, as those in which 
most of the fires occurred seem to be of a type in which static electricity 


TABLE XXIV. 

FIRES IN GINS WITH VARIOUS TYPES OF CLEANERS. 


Typ 2 of cleaners. 

Total No. 
cleaners. 

Cleanors 
having fires. 

Fires in other 
portions of 
gins. 

Gins without 
fires. 

Total percent 
having fires. 

No. 1 

292 

77 

85 

130 

26.4 

No. 2 

139 

70 

15 

54 

50.4 

No. 3 

50 

7 

16 

27 

14.0 

No. 4 

48 

24 

10 

14 

50.0 

No. 5 

42 

13 

9 

20 

31.0 

No. 6 

36 

11 

10 

15 

30.5 

No. 7 

27 

13 

4 

10 

48.2 

No. 8 

12 

2 

2 

8 

16.7 

No. 9 

8 

3 

3 

2 

37.5 

Miscellaneous 

4 

3 

1 

— 

75.0 

No type given 

86 

10 

10 

66 

— 

No cleaners 

I 

— 

— 

— 

15 



may be most easily generated and may accumulate in largest quantity, 
as well as being so constructed that this discharge, as for instance between 
the screen and the cylinder teeth, may most easily occur. Although not 
as many fires were reported during 1918 as during 1917, steps were taken 
to equip about 40 gins in different sections of the cotton belt in such a 
way that the static electricity would be carried away as fast as it was 
generated. While these gins were of various makes, the same general 
principle was applied in each case, that of grounding every moving part 
of the gin and every metal part over which cotton was moving. 

An outline of the method of wiring is shown in Figure 38. All metal 
parts are connected by No. 14 insulated copper wire. At least three heavy 
insulated wires (No. 10) are run to the underground water pipes, or to 
rods driven 4 or 5 feet or more into the ground. Starting from the 
suction pipe, contacts are made to the telescope pipe, or the flange, just 
below the canvas joint, with one or two more contacts between it and 
the cleaner, depending on the length of the pipe. This wire is run on 
into the cleaner, making contacts to all the screens — two on the larger 
ones — as well as to all journal boxes on at least one side of the cleaner. 
The wires from these contact points are brought together. A wire is 
run from this point to all journal boxes on one side of each feeder and 
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gin stand, to all the screens of the cleaner feeders, and to the lint flue 
bringing wires from these points together. Contacts are also made to 
the overflow telescope, and suction pipe. These wires are then connected 



Fig, 38. 

Method of Wiring Cotton Gins to Eliminate St^itic Electricity. 


with the ground wires at the following points: (A) Where the wires 

from the suction pipe meet; (B) where the cleaner connections come 

together; and (C) where the connections from the stands, feeders, and 

lint flue are brought together. 

The insulation should be removed 
from the wire and • the wire 

scraped bright at the point of con- 
tact, taking care that all dirt, oil, 
and rust are removed. The con- 
tacts must be made as tight as pos- 
sible. Wlierever possible, brush 

contacts (Figure 39) should be 
used on revolving shafts rather 
than simply making a connection 
to the journal box. All connec- 
tions in the grounding rods should be securely soldered. Following the 
grounding of the gins, no more fires of apparently unknown origin oc- 
curred except in one of these gins. Here three fires occurred, two of 
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Fig. 39. 

Brush Contact for Revolving Shaft, 
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which were caused by the hanging of cotton in the ribs. The other 
started in the cleaner. The cause was not known but it was supposed 
by the ginner that a stone got into the cleaner and created sparks when 
it was struck by the cylinder teeth. 

There is no doubt but that many fires are started from other causes 
than static electricity. Doubtless matches and foreign material in the 
cotton have started many fires. Perhaps the chief cause of fires in the 
lint flue and those which break out in the bale after it has been tied out 
is the hanging of cotton in the ribs, causing friction which eventually 
ignites the cotton. It is quite probable that the static electrical charge 
pulls and holds the cotton and is responsible for some of this hanging 
of the cotton in the ribs. Friction in the gin stands from other sources 
may also result in fires. Sometimes a spark or smoldering piece of cotton 
will be carried on from the stands through the lint flue and no fire will 
be noticed until it reaches the condenser. It is quite probable that many 
of the fires which occur during the night, after the gins have been closed 
down, are caused by sparks getting into the piles of cotton lint, which 
are often found in the bottom of the condensers. As in the case of fires 
in the bales, they may not break out into actual flame until some time 
later, when they have eaten their way out to the surface. 

In order that fires in cotton gins may be prevented the following pre- 
cautions should be taken: 

1. Thoroughly ground all metal and moving parts of the gin, thus 
eliminating the static electricity. 

2. Educate the neighboring farmers and cotton pickers to keep the 
cotton as free as possible from matches and other foreign material. 

3. Clean the plant thoroughly at least three times a week, thus free- 
ing the premises from the lint through which fire spreads rapidly. 

4. Refuse to gin wet or even damp cotton, as this tends to hang 
in the ribs and produce friction. 

5. Keep the saws sharp and the huller ribs and the gin ribs as clean 
as possible. 

6. Clean out the condenser every night and immediately after every 

fire. 

7. Inspect all parts of the plant after closing, lest some hot box or 
smoldering cotton give rise to a fire. 

8. Use automatic oilers on all bearings, thus preventing hot boxes 
and the dripping of oil from the boxes on accumulated lint or seed cotton, 
with the resultant spontaneous combustion, and at the same time effecting 
an economy in the amount of oil used. 

9. Store no baled cotton on the platform or less than 100 feet from 
any building. 

10. Prohibit smoking and carrying matches in or around the plant. 

11. Keep ample and efficient fire-fighting apparatus easily available 
at all times. 

12. Keep all machinery in proper alignment. 
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That static electricity plays an important part in cotton gin fires, and 
that grounding of the gins so as to remove it will prevent a large number 
of fires are attested by the fact that some of the insurance companies 
carrying cotton gin insurance have already made a reduction in their 
rate of 25 cents per $100 of insurance for the gins which are properly 
grounded. 


CHAPTER XI. 

COAL DUST EXPLOSIONS. 

Origin of Coal Dust Investigations. 

The first important investigational work in the United States on the 
dust explosion problem was undertaken by the Bureau of Mines in con- 
nection with coal dust. It appears that interest in coal dust explosions 
was not generally created among mining men until a series of disasters in 
1907. During that year 1148 men were killed by mine explosions in the 
United States, 648 of that number losing their lives during the month of 
December as the result of coal dust explosions. In one mine in West 
Virginia 358 men were killed, while in another mine in Pennsylvania 230 
men lost their lives. This series of disastrous mine explosions aroused 
considerable interest among mining men, and an appropriation was made 
available July 1, 1908, for the investigation of the causes of mine ex- 
plosions and development of methods of prevention. This action by the 
Federal Government resulted in the creation of the Bureau of Mines in 
the Department of the Interior, and the beginning of progressive research 
investigations pertaining to the explosibility of various types of coal 
dusts. 

The investigations by the Bureau of Mines at times extended to dust 
explosions in representative industrial plants, in order to obtain all possi- 
ble information on the nature and action of these occurrences. In certain 
instances investigations of explosions in grain mills were undertaken to 
secure data which the engineers of the Bureau felt would be helpful in 
the study of coal dust explosions. In the progress of these investigations, 
a destructive explosion in a feed grinding plant in Buffalo on June 24, 
1913, was thoroughly studied. The explosion resulted in the loss of 3?y 
lives, injuries to 80 others and extensive property damage. The interest 
manifested by the milling and grain companies of Western New York 
and their desire to adopt all possible means of prevention, resulted in 
a co-operative investigation with the Bureau of Mines to extend the study 
to cereal dusts. The work was financed by the Millers Association and 
directed from the Pittsburgh Laboratories by Dr. George A. Hulett, then 
Chief Chemist of the Bureau of Mines. 

These investigations initiated by the Bureau of Mines indicated the 
importance of the study to the grain industries of the country and re- 
sulted in definite arrangements being made for its continuation in the 
Bureau of Chemistry of the Department of Agriculture. It is significant 
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to note that although primarily created for the investigation and control 
of coal dust explosions, the Bureau of Mines was the agency through 
which the importance of industrial plant dust explosion prevention was 
brought to the attention of the country. The equipment and facilities 
available in the Bureau, combined with the valued experience of well 



Barrier of 6 boxes in mine entry. Rock dust is protected by oilcloth covers. The 
wiring at the upper right hand corner is not a part of the barrier. 


trainecl engineers, made it possible to determine the explosion hazard in 
industrial plants and factories and to outline definite lines along which 
the development of methods of prevention could be undertaken. 

Early Investigation. 

The early investigations on coal dust explosions were in charge of 
Dr. Joseph A. Holmes, at the time expert in charge of the technologic 
branch of the Geological Survey and later appointed as first Director of 
the Bureau of Mines. Dr. Holmes called to his assistance George S. Rice, 
a prominent mining engineer who had devoted considerable time to the 
study of explosions and had given the problem a great deal of attention. 
One of the first undertakings in 1908 was a survey of the experimental 
coal dust explosion galleries in European countries, which included the 
earlier testing stations in Belgium and Germany, and the newly installed 
stations at Altoffs, England, and Lievin, France. The investigations 
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abroad resulted in the installation of a dust testing gallery at Pittsburgh, 
Pennsylvania, and the subsequent development of an experimental coal 
mine for large scale tests. 

Experimental Mine. 

The engineers entrusted with the experimental work in the Bureau of 
Mines decided that results of the greatest practical value could be ob- 
tained by the opening of a new coal mine rather than by the use of an 
abandoned mine as was first projected. This brought into being the 
Experimental Mine located at Bruceton, Pennsylvania, about sixteen 
miles from Pittsburgh, Pennsylvania. The results of the tests at this 
mine have been a valuable contribution to the knowledge available for 
the prevention of coal dust explosions, and have made possible determina- 
tions for direct application in the control of dust explosions in industrial 
plants. 

It was very essential that actual mining conditions be reproduced in 
this experimental work, and this indicated the necessity for a practical 
coal mine in preference to surface galleries as had been in previous use 
in the European testing stations already referred to. The large scale 
explosion tests in the mine were carried out simultaneously with the 
laboratory work. It was found early in the investigations that the lab- 
oratory or surface gallery work did not always duplicate or agree with 
the results obtained in the large scale mine tests. It was found that 
mixtures of dust and air which would not explode in laboratory ap- 
]Daratus or the surface gallery could be ignited with explosive violence 
in the mine. It was |ound that by using the empiric method of intro- 
ducing oxygen into the explosion laboratory flask as referred to on page 
21, Chapter I, in place of air in order to obtain more complete combus- 
tion, results parallel to those of the experimental mine were obtained. 

Important Contributions of Bureau of Mines. 

Much valuable work has been done by the Bureau of Mines in the 
study of the causes of explosions of coal dust and of fires and in develop- 
ing methods for their control and prevention. It is not the purpose of this 
chapter to go into detail or attempt in any manner to cover the coal dust 
explosion problem completely. It is only desired to refer to the progress 
made by the Bureau of Mines in handling this very important problem 
and to the close relation to the other phases of dust explosion prevention. 
The publications of that Bureau are available and will be of interest to 
anyone desiring to obtain additional knowledge on the subject. 

The following lines of work may be included among the most im- 
portant contributions of the Bureau of Mines in the study of coal dust 
•explosions : 

(1) Determination of the explosibility of different dusts based on 
size and kind of dust, such as the volatile total combustible ratio and 

moisture. r i i 

(2) Determining the explosion hazards of different coal mines by 

duplicating the condition of the dust found in the particular mine. In 
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these tests it has been found that fine grinding entirely alters the limit of 
explosibility of naturally coarse and moist dust. For example, the sub- 
bituminous" coal or lignite dust when finely ground is one of the most 
explosive of dusts. On the other hand, however, dust explosions are 
practically unknown in American sub-bituminous or lignite mines. The 
reason advanced is that when coal dust is freshly made at the working 
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face in the mine it is in rather coarse particles and retains natural moisture 
which dries out in grinding. 

(3) The employment of mechanically operated inert dust barriers 


for the prevention of flame propagation. While the engineers in the 
Bureau believe that the best explosion protection is a thorough rock dust- 
ing throughout the mine, the Experimental Mine tests have shown the 


employment of closed barriers^ to be very effective, as an additional 


check, in mines especially where watering the dust is practiced. The 
closed mechanically operated barrier which has proved very effective was 
developed when it was found that the Taffanel (French) shelf barrier 


^The development of these barriers and also the development of curves of 
explosive limits of various coal dusts ranging from semi-anthracite to lignite has 
been largely the personal contribution of George S. Rice, Chief Mining Engineer. 
He has assigned the patent rights of all barriers designed by him to the Bureau 
of Mines, so that the mining industry may make free use of these patents. 
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did not operate in slow explosions and in mines with high humidity where 
the dust would become damp or wet. In the tight containers, or closed 
barriers, the dust is kept dry, and they operate at a given velocity of air 
which is a little in excess of a shock wave from an ordinary shot. These 
barriers have also been found to operate with the slowest explosions tested 
by the Bureau of Mines. 

(4) The finding, or determination of, and registration of 'detona- 
tion’’ waves, or those that return toward the origin of the explosion. 
Some remarkably interesting behaviors of these explosion waves have 
been recorded by the Bureau. 

(5) It has been determined definitely that high humidity, or even 
saturated air, was not an obstacle and did not prevent flame propagation. 
It was necessary for the dust to be so wet that it was impossible to raise 
it by concussion. In connection with this investigation, the French ap- 
paratus designed for measuring velocity of the flame and the pressures of 
an explosion was more highly developed by providing for the simul- 
taneous registering of the flame velocity upon the pressure record. A 
raovement-of-air recorder and an entirely new device for gas sampling, 
which opened at a predetermined time and closed at a predetermined 
interval, were also developed. 

(6) The work at the Experimental Mine has been of such a nature 
that from the analysis the engineers can practically determine in advance 
the explosibility limits of the dust. This has made possible the ar- 
rangement of a system of curves showing the range of explosibility of 
various coal dusts. 

Causes and Methods of Prevention of Coal Dust Explosions. 

The investigations of the Bureau of Mines have demonstrated that 
widespread explosions in coal mines are preventable if methods that have 
been tested in an experimental way and in practice are used and if care is 
exercised at all times by every one in the mine. It has been found that 
bituminous and lignite dusts were the causes of disastrous mine explo- 
sions in the United States while on the other hand it is significant to 
note that anthracite coal dust is not explosive and that explosions in 
anthracite mines (due to methane gas) have always been very local _ in 
character. This is of particular interest since the methods of preventing 
fire damp (methane) explosions are usually discussed as entirely apart 
from the methods of preventing coal dust explosions, although in many 
of the most important coal mining districts of the United States the 
sources of danger are much the same. 

Matches, open lights, long flames and long duration of flame from 
black powder, dynamite, or other non-permissible explosives ; electric arcs 
from grounding of trolley or power wires, and flames from mine fires 
can be classed as ignition sources. It is not possible for an explosion of 
coal dust or any other explosive dust to take place without the presence 
of open flame of some kind. The long flame from "blown out” black 
powder shots and also the ignition of pockets of gas by open lights are 
common causes of ignition of coal dust. It is not essential to have in- 
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flammable gas present to cause an explosion of coal dust as was originally 
supposed, but tests cit the experimental mine have shown that inflam- 
mable gas increases the sensitiveness of the dust to ignition. It has 
been found that with each per cent of methane gas present in the mine 
air it requires an additional four to five per cent increase in inert matter — 
ash and moisture — in the coal dust. 

Permissible explosives approved after tests by the Bureau of Mines, 
on account of their small flame and its brief duration, when propiferly 
used will not ignite dust. The Bureau engineers feel that if these per- 



Effect of violent explosion on box barrier. 

missible explosives were employed throughout the coal mines of this 
country to the exclusion of black powder, dynamite and other explosives 
of a character dangerous to use in coal mining, nearly one-half of the 
coal mine explosions would be prevented. If safety lamps or per- 
missible electric lamps approved in Bureau tests, were used, even in the 
so-called gaseous mines, it is thought that over one-third of all the mine 
explosions in this country could be prevented. 

Making Coal Dust Inert. 

In considering the control of dust explosions in industrial mills and 
elevators, it is interesting to note that the experiments by the Bureau of 
Mines show that after a thorough '"dry cleaning” and sweeping in a mine. 
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there would still be enough coal dust in the average mine to propagate an 
explosion once started. This was shown very strikingly in a series of tests 
at the experimental mine during the winter months when the mine was 
dry. 

In describing these tests the Bureau states that the mine was thor- 
oughly cleaned with shovels, brushes and jets of compressed air, assisted 
by a strong air current moving in the direction of the cleaning. The 
explosion was started by means of a “coal dust zone’’ a few hundred feet 
long, and in several tests the explosion swept violently through the sup- 
posed “dustless zone” previously cleaned — 1000 feet in length. It was 
definitely demonstrated that it is necessary to do something more in a 
dry area than to brush or shovel up the dust. The only two effective 
m-ethods protecting the mine from dust explosions are (1) wetting the 
coal dust and (2) covering it with rock dust or other inert material. 

For finely divided coal dust to be non-explosive, it must contain at 
least 30 per cent (of the weight of the dust) of mechanically -held mois- 
ture. The following methods for wetting the dust have been followed 
with varying degrees of success: (1) Tank car or water wagon; (2) 
water hose; (3) calcium chloride or other deliquescent salts; (4) water 
sprinklers; (5) steam jets for humidification. 

Inert Dust to Render Coal Dust Non-Explosive. 

The Bureau of Mines has conducted extensive investigations pertain- 
ing to rendering coal dust non-explosive by means of “inert dusts.’’ 
The theory of application is as follows: The inert dust is forced into 
suspension in the air by the same concussion that raises the dry coal dust 
when the explosion originates — ^the inert dust absorbs the heat of the 
flame present and restricts the transfer of heat and flame by separating 
the individual particles of coal dust by its own inert particles. In this 
manner flame propagation is prevented and the extent of the explosion 
localized. In the tests it was found that with a mixture of from 60 to 70 
per cent shale dust, or 60 per cent limestone dust, an explosion of Pitts- 
burgh coal dust could be prevented. The results of these tests suggest a 
possible application of the use of inert dusts in industrial plant explosion 
control. 


Rock Dust Barriers. 

Considerable work has been carried on at the experimental mine to 
determine the efficiency of various types of so-called “rock dust barriers” 
as a supplementary means of stopping explosions that have started in 
spite of precautionary measures. These barriers are not intended in any 
way to take the place of any of the other preventive means and must be 
regarded only as secondary safeguards. 

The investigations of J. Taffanel, director of the French mine-testing 
station at Lievin, suggested the use of rock dust barriers as a means of 
controlling coal dust explosions. He was able to block or extinguish an 
explosion by blockading the testing gallery with a pile of earth filling over 
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one-half of the cross section of the gallery. This led to the development 
of a group of shelves across and over the roadway laden with shale dust 
or ashes and termed “Taffanel barriers.” 

In the work at the experimental mine the Bureau of Mines used the 
Taffanel shelves in an effort to localize certain experimental explosions. 
It was found that they were almost uniformly successful with the mod- 
erate and violent explosions, but that the flame of a light explosion or 
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what might be termed an inflammation, would sometimes pass. This 
resulted in an effort by the engineers of the Bureau to design other de- 
vices that would be more sensitive. 

Types of Barriers Developed. 

A number of types of barriers have been designed and tested with 
favorable results. The designer, George S. Rice, has assigned the patent 
rights to the Bureau so that the mining industry can make free use of 
these patents. The following types of barriers have been designed : 

1. Box barrier (consisting of 6 to 8 individual boxes). 

2. Concentrated barrier. 

3. Rock-dust ventilating stopping. 

4. Rock-dust-protected ventilating door. 

5. Rock-dust-protected overcast. 

6. Trough rock-dust barrier. 

Principle of Operation. 

The barriers operate on the principle of throwing a mass (2 to 5 
tons) of rock dust or other finely ground non-flammable dust into the 
“pioneer wave” that always precedes a dust explosion. This air wave 
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mixes the inert dust with the explosive coal dust so that when the flame 
of the explosion reaches the mixture, the inert dust absorbs the heat and 
extinguishes the flame. On account of the large quantity of inert dust 
used, each small particle of coal dust is surrounded by many particles of 
inert dust, which gives a cooling eflfect similar to the principle of the 
original Davy safety lamp. . This results in extinguishing the flame from 
the explosion and thereby confining the explosion to a limited area and 
preventing propagation throughout the entire mine. 

The dusts that have been tried with success in these barriers are shale 
dust and limestone dust, but the engineers of the Bureau of Mines feel 
that there are doubtless many other kinds of fine inert or incombustible 
dusts which would be effective. The dust is most effective when it is 
finely ground and free from combustible matter. 

Description of Barriers. 

It is not the intention to describe fully the various rock dust devices^ 
that have been tested and have given successful results. It is desired, 
however, to refer in a brief way to two of these devices, namely, (a) the 
box barrier and (b) the concentrated barrier as described by the Bureau: 

The Box Barrier — Construction. 

“The box barrier, as is indicated by the name given it, consists of six 
or more boxes containing incombustible dust, open topped except for a 
loose waterproof cover, hung loosely from roof supports 2 to 3 yards 
apart and extending across the entry near the roof in such a manner that 
the explosion wave will cause them to be upset, thus throwing into the 
entry a large amount of incombustible, dust. The bottom boards of 
the box are so arranged that after a short fall they are caught by chains 
attached to the roof, some of the dust being retained on these boards. 
Two grids within the box, which rest loosely on blocks and are connected 
to the same chains at distances of 3 and 6 inches below the top of the 
box, also retain some of the dust and allow the balance to fall through 
the open spaces. The boxes are hung high enough to be clear of traffic, 
a requirement that in a thin coal bed may necessitate the roof being 
flirushed’ or ripped down for a distance of 50 or 60 feet.” 

It was found in the tests that if the explosion reached the boxes, they 
operated successfully and, with rare exceptions even in the earlier types, 
extinguished the flame of the explosion. 

The Concentrated Barrier. 

The concentrated barrier, as its name implies, consists principally of 
two large but shallow containers of incombustible dust placed overhead 
across the entry way and supported near the roof by hinges and catches. 
The latter in turn are held by a leverage system so adjusted that the system 
is released when the pressure of an advancing air wave, operating against 

^ This data can be obtained from the Bureau of Mines and also by reference 
to Technical Paper Na'84, dealing with preventing and limiting of explosions. 
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swinging vanes, readies a predetermined amount. ^ The vanes are hinged 
planks lOO feet or more from the barrier on either side, the pressure 
being converted into a pull by a chain passing around a pulley and trans- 
mitted by a strong wire from the chain to the releasing mechanism. ^ 
When the catches are released the hinged containers swing quickly 
downward under the heavy load of rock dust. 

The box barrier and the concentrated barrier were found to be par- 
ticularly sensitive. By means of additional tripping vanes, 100 feet or 
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so in advance, the concentrated barrier may be operated by the slowest 
moving explosion. The Bureau reports that velocities of flame as low 
as 100 feet per second have been recorded as compared with twenty times 
this speed in a fast violent explosion. 

Explosions in Coal Handling Plants. 

Attention has been directed to the possibility of dust explosions in 
connection with coal handling or storage in industrial plants. The same 
precautionary measures should be adopted that are now generally being 
followed in industries where explosive dusts are created during the oper- 
ating processes. Efflcient dust collecting systems should be installed for 
dust removal and the plant should be kept in clean condition. The ig- 
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nition sources already referred to as possible causes of coal dust explo- 
sions should be eliminated as much as possible and attention given to 
proper maintenance and upkeep. The results of the investigations of the 
Bureau of Mines in connection with the causes of coal dust explosions 
and the work of the Bureau of Chemistry pertaining to industrial plant 
dust explosions should be applied in a practical manner. 

Value of Bureau of Mines Work. 

Much of the material in this chapter has been taken from reports 
and publications of the Bureau of Mines which were made available to 
the authors. It has been necessary in many instances to give almost 
verbatim the results of the tests and especially the work at the Experi- 
mental Mine. This has been done with the realization of the practical 
application of this valuable work to the prevention of explosions in indus- 
trial plants and manufacturing establishments, and with the expectation 
that it will be of economic value in reducing the losses to life, foodstuffs 
and property. 



CHAPTER XII. 


REVIEW OF EXPLOSIONS. 

It may be inferred that dust explosions have occurred ever since any 
inflammable dust was manufactured or created in an industrial plant. 
However, in the early history of industry, the plants were of such size 
and construction that an explosion was nothing more than a very rapid 
propagation of flame. There was no report or particular explosive force 
as the machinery was not enclosed and the buildings were of such con- 
struction that sufficient pressure was not built up. In many small in- 
dustrial plants explosions of such a nature have occurred that, if they 
had started in a larger plant or had been more closely confined, they un- 
doubtedly would have created sufficient pressure and propagated with 
sufficient rapidity to have given an explosive report. No attempt will be 
made in this chapter to give all the details of the explosions of this kind 
which have occurred. The authors have not had opportunity to in- 
vestigate explosions in all types of industrial plants, but have confined 
their efforts more particularly to the grain industry, extending their 
investigations into other industries to give such assistance as might be 
possible, but especially to obtain information which would help in solving 
the general problem. Consequently the data which are given below 
regarding industries outside of the grain industry cannot be considered 
complete. In fact, all of the explosions which have occurred in the 
grain industry probably are not included in the list of explosions given 
below, since many of them were of such minor importance that they 
were not reported either to the government or to insurance companies. 
For instance, in one plant for a time, explosions were so frequent that 
hardly a week passed without at least one. 

Fortunately, the grinding equipment had been installed in such a way 
that these explosions vented themselves to the outside and neither caused 
much damage to the plant nor delayed operations for any length of 
time. It would hardly be possible to include such explosions in this 
chapter, on account of lack of space, though they often furnish more 
information than the larger and more disastrous explosions. 

Explosions in the various industries have been considered separately 
and details of the more important ones have been given. All known 
explosions where there has been a loss of over a hundred dollars in 
property have been included in tabular form with brief data. For much 
of these data it was necessary to depend upon published articles, insurance 
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reports and brief statements in the trade journals, but in all of the 
explosions listed to have occurred since 1913, a personal investigation 
was made, and the results of these investigations are given in the abstracts 
which follow. 


EXPLOSIONS IN FLOUR MILLS. 

In 1S95, the Office of the Insurance Monitor of New York published a small 
book entitled “Spontaneous Combustion and Dust Explosions.”^ In the division on 
dust explosions a brief statement is made regarding several explosions in different 
industries up to the date of publication. It is interesting to note that as early 
as 1864 a flour mill was destroyed by a dust explosion which started from the 
ignition of the dust by an open flame. The miller of the Star Mill at Mascoutah, 
111., was running his mill during the night, grinding middlings. Toward morning 
the middlings became clogged in the middlings box and the miller went up to 
jar them down as he had often done before. Placing his small oil lamp on a 
beam just behind and above his head, he opened a slide in the box. As he thrust 
in the shovel, the middlings ran down, creating a cloud of dust. When this dust 
reached the lamp it was ignited instantly and a sheet of flame spread through 
that section of the mill. The fire which followed spread so rapidly that the mill 
was soon totally destroyed. Fortunately the only injuries the miller received were 
the burns on the exposed parts of his body. 

An explosion is reported to have occurred in the Nicolin Mill at Jordan, 
Minn., in 1875. It was of such force that the roof of the mill was blown off and 
the mill destroyed. 

On April 2, 1875, an open lamp ignited the dust in the middlings chest of a 
flour mill in Evansville, Ind., causing an explosion which destroyed the mill. 
Following an investigation, it was stated that during the 20 years preceding 8 
•flouring mills, 4 frame and 4 brick, had been built and operated in Evansville 
and of these 3 frame and 3 brick had been burned. The remaining frame building 
had been on fire twice within the preceding 3 months. 

In 1877, a mill in Rochester, N. Y., was partially destroyed by a dust explosion 
and fire which started when one of the proprietors thoughtlessly put an open 
lamp into the purifying box. Only the lower portion of the mill was saved. 

An explosion occurred in 1878, in a mill at Baldwin, Wis., when the plant 
was not in operation. A perpendicular chute had become clogged in some way 
and one of the men started to punch it out from above. He lowered a lantern 
into it to see if it was clear. An explosion resulted, in which the man was 
severely burned, but on account of the clean condition of the mill it did not 
propagate throughout the plant, though a column of fire shot up out of the chute 
fully 20 feet in height. 

During the same year two explosions occurred in a mill in Des Moines, 
Iowa, one of them passing up the leg of the elevator and burning a hole in the 
roof, while the other caused but slight damage. The causes are not given. 

A large flour mill in St. Louis, Mo., was destroyed in 1881 by 'a general 
explosion of dust. It was caused by lightning striking the plant. In less than 5 
minutes the whole structure was enveloped in flames and was soon destroyed. 

On May 19, 1882, an explosion occurred in a Minnesota flour mill when the 
hand slide was opened to relieve one of the spouts which had become choked. 
A mass of flour shot out, filling the air with dust. This took fire from lanterns 
on the floor nearby. The men working to relieve the choke were severely burned, 
but the small fire which started was easily extinguished. 

In 1885, as the propietor of a mill in Chicago, Ilk, was going through the plant 
■carrying an oil lamp, the chimney fell off and broke. Fearing an explosion of 
the lamp, he set it down on the floor and picked up a handful of dust expecting 
to smother the flame by throwing it over the lamp. An explosion, in which he 
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was badly burned, resulted from the ignition of the dust. There was a slight 
loss to the plant. 

On October 17, 1887, an explosion occurred in a mill at Council Bliilfs, Iowa, 
when a workman introduced a lantern into the flour hopper which he was cleaning, 
to determine the condition of the hopper. Heavy brick walls were blown out, 
the roof of the cupola w'as blown off, and the mill was partially wrecked. 

An explosion of a mixture of saw' dust and flour, 'used in cleaning furs, 
occurred in a plant in New York City on July 2, 1889, as a result of which 4 
men w'ere injured and the building and contents were damaged to the amount of 
$1300. The dust wns ignited by an open candle. 

Minneapolis, ]Minn. Although explosions are recorded as having occurred 
earlier, the first explosion wdiich attracted attention in this country is the 
one that destroyed the Washburn Flour Mills at Minneapolis, on May 2, 1878.^ 
Eighteen men were killed, and 3 mills, Washburn ‘‘A’’, Diamond, and Humboldt, 
W'ere completely destroyed by a series of explosions. A number of the sur- 
rounding buildings were burned by the fires wdiich followed, and there was extensive 
property damage. At the suggestion of the coroner, Professors Peck and Peck- 
ham, of the University of Minnesota, conducted special investigations in an effort 
to determine the cause and circumstances under which the explosions occurred. 
It W'as concluded that the Are had its origin in the east side of Washburn “A”' 
mill, where 6 runs of stones grinding middlings w^ere exhausted into a spout 
leading into the dust room. Evidently one of these 6 sets of stones ran dry 
and a train of sparks ignited the dust; or foreign material, such as iron, passed 
through the stones, striking sparks. After smoldering for several minutes, the 
fire burst into a blaze wdiich ignited the dust in the conveyors and the dust room, 
causing it to explode. The explosion, starting in Washburn “A’' mill, spread 
to and destroyed both the Diamond and Pliimboldt mills. Professors Peck and 
Peckham, who conducted extensive experimental work,, were able to ignite 
various types of mill dust and stated that all the materials except the coarse bran 
burned with excessive rapidity when ignited. 

Cleveland, Ohio. A dust explosion occurred in a Cleveland, Ohio, flour mill 
in September, 1888 l Tw^o men w^ere killed, several others were injured and the 
entire plant was destroyed by lire. It is stated that during the night one of the 
workmen w'ent into a bin with a lantern to shovel bran. Exhausting into this 
bran bin was an old-style dust room, into which dust was blown from the purifiers. 
This dust, together with that created by the dropping of the bran 30 to 40 feet, 
into the nearly empty bin made a dense dust cloud in the bin. It is thought that 
the workmen removed the bottom of the lantern in order to raise the wick to 
obtain better light, and that the open flame, coming in contact with the floating 
dust, ignited it and caused the violent explosion and fire. 

Litchfield, III. On March 21, 1893, one of the most violent explosions oo 
record occurred in a large flour mill at Litchfield, 111.,® 30 minutes after a fire, 
which w^as still burning, had started in one of the elevators. Due to the fact that 
there were no men at work at the time of the explosion, the loss of life wa.s 
limited to one employee, who attempted to enter the mill to recover his tools. 
The total loss was estimated at $500,000. 

The explosion did extensive damage to surrounding property, and the shock 
was felt throughout the entire towm of Litchfield, and for many miles around. 
It was described as being a “terrific report that shook the earth, hurled clown 
chimneys and broke many panes of glass in the houses and business places of 
the town.” The mill building w'as 7 stories high and, according to the testimony 
of eye witnesses, seemed to be blown to pieces. Large timbers 12 inches sciuare 
were thrown for some distance in the air, and the entire building was laid in ruins. 

The cause of the explosion is not known definitely. It is thought that it 
resulted from the ignition of a cloud of dust which might have been stirred up 

^American Journal of Science and Arts, 1878, vol. 16, p. 301; Chemical Engineer, March, 
April, May, 1908, vol. 7. 

-American Miller, vol. 16, p. 689. 

Northwestern Miller, March 24 and 31, 1893; American Miller, April, 1893, vol. 21, p. 277- 
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by the action of the flames and falling timbers during the course of the lire. It 
IS very pruiDalde that the support of the dust or “stive” room may have burned 
ciiul given way, throwing into suspension its contents of inflammable dust, and 
irom this start the explosion propagated through the entire mill. 

l»ooiME, Iowa. rUi explosion occurred in a dust bin in a flour milling plant 
at Loone, Iowa on September 18, 1899\ The dust and chaff which accumulated 
111 a large bin for seveial weeks was sacked and hauled away when the mill was 
not operating. When the explosion occurred, a workman was inside this bin 
shoveling the dust into sacks, which were held just outside the only opening 
ni the bin. A lantern hung on a nail within the bin is thought to have caused 
the explosion by igniting the dust stirred up by the workman. 

Arkaxsas City, Kan. A disastrous fire originating from an explosion of 
flour dust occurred in a Kansas mill on June 17, 1903." One of the employees lost 
his life as a result of burns received during the Are and the estimated property 
loss was over $150,000. 

A workman, according to reports, went to examine the flour bins on the 
second floor. Each bin was provided with a small opening covered by a sliding 
door, through which^ the employee examined the flour and noted the conditions. 
As the workman raised the door of a bin, a terrific dust explosion took place 
and a mass of flaming flour dust shot through ’the opening. In an instant the 
second floor of the mill was afire, and the entire plant was destroyed. It is 
reported that a second explosion occurred while the fire was in progress which 
resulted in injury to one of the owmers when he tried to enter the elevator. 
As no light of any kind w'as thought to have been used in examining the bins, 
the direct cause of the explosion was not determined. 

.Kiagara hALLS, N. \, On June 21, 1906^, a dust explosion in a flour mill in 
halls, N. Y., occurred in the frame flour bins extending from the first to 
the fourth floors of the stone building. There is said to have been a light 
exjdosion in one^ of these bins. This did not appear to do any damage, merely 
lifting the trap in the top, but it stirred up considerable dust. This explosion 
was followed by another and much more violent explosion which did much damage. 
J he sides were blown out of two of the bins, the floor ov’er the bins was raised 
several feet, and the sprinkler equipment at this part of the plant w^as put out 
of commission. The cause of the explosion was not definitely determined. 

Aew ^ oric City. An explosion of small proportions occurred in a flour 
mill in Kew \ ork City on July 6, 1909.'' It started in a wooden, dust-settling, screw’” 
conveyor trunk on the third floor of the mill, shortly after starting the machinery 
ill the morning, and was of sufficient force to open the trunk at the joints. The 
exiilosion was first noticed by employees on the second floor when the doors of 
the toIIs were blown open. No definite cause was assigned to the explosion, 
but it may have started in the rolls, caused by sparks from foreign material, 
and then propagated to the du.st settling chamber. Due to the effective operation 
of the sprinkler system, the damage by fire was very slight, the total loss being 
under $200. 

Portland, Ore. On September 16, 1909, a fire following a dust explosion 
destroyed one of the largest mills on the Pacific Coast, with ia loss of about 
$300,000. The fire occurred on the fourth floor of the main flour mill building 
and followed an explosion of flour dust A nail passing through the rolls pro- 
duced sufficient sparks to ignite the flour dust and cause the explosion which 
spread through the dust collecting system and wrecked the upper floors. The 
flames from explosion and fire, due to the presence of dust, traveled so rapidly 
that the sprinklers did not open in time to check their progress. Four concrete 
grain tanks, between the main building and the engine room, acting as a fire 




1 ' 


1 Northwestern Miller, Sept, 1899, p. 54. 

-Arkansas City Daily Traveler, June IS, 1903; Northwestern Miller, June 24, 1903, Vol. 
55, p. 1313. 

N. F, P. A. Fire Record Data. 
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wall, saved considerable flour and most of the machinery in the engine room. 
This mill, at the time of its destruction, had a capacity of about 4,500^ barrels. 

Elkhart, Ixd. On October 21, 1909,^ the Harvest Queen Adill was destroyed 
by fire, originating from an explosion of dust on the fourth floor. The total loss 
was '$50,000 including 18,000 bushels of wheat. The exact cause of the explosion 
could not be determined. 

Arendtsville, Pa. An explosion which the miller stated occurred in the 
wheat-scouring machine of a mill in Arendtsville, Pa., on Sept. 13, 1913, threw 
sparks and fire in all directions. The entire plant was destroyed at a loss of 
$16,000.00. It was thought that foreign material, such as pieces of iron, got 
into the scourer. 

Leavenworth, Kans. On November 1, 1913, two weeks after an attrition 
mill had been installed for grinding wheat screenings, an explosion of limited 
proportions occurred in a flour mill in Leavenworth, Kansas. There was no 
loss of life, and damage to the property was slight. The mill was installed with 
a metal bin directly under the grinding machines, into which the ground material 
was discharged. It was then conveyed to an elevator. At the time of the ex- 
plosion there was not sufficient dust present to cause serious trouble, and the 
only damage done was a bulging out and loosening of the sides of this metal 
bin. The explosion made a loud report and filled the mill with smoke. 

Long Island City, N. Y. On November 21, 1913, a fire resulting from a 
dust explosion destroyed the three-story brick building of a large macaroni plant. 
Workmen were burned badly about the hands and face. 

It was concluded after an investigation that the explosion occurred in a 
conveyor and that it was caused by sparks from a stone or detached conveyor 
worm igniting the flour dust in the conveyor box. 

Beatrice, Neb. The force of a dust explosion in a Nebraska flour mill on 
September 22, 1914, was so terrific that the west walls of the two floors of the 
building were blown into the river. The roof was raised and every window, 
including the sash, was destroyed. Fire broke out at several places in the mill,, 
but was extinguished by the prompt action of the employees. The explosion’ 
occurred in a flour bin and the upper portion of the flour packer underneath, just 
after an employee had gone upstairs to determine the amount of flour in this 
bin. He would not acknowledge that he lighted a match as he opened the bin 
door, but a slightl}’’ burned match, which could hardly have gotten there in any 
other way, was found in the flour in the bin after the explosion. While this 
is only circumstantial evidence it indicates a possible cause of the explosion. 

Americ.vn Falls, Idaho. A small explosion which occurred in a milling 
plant at American Falls, Idaho, in May, 1917, was followed by a fire which 
destroyed a portion of_ the mill, causing a loss estimated at $60,000. The exact 
cause of the explosion is not known. 

Benton, Pa. A Pennsylvania roller mill was almost completely destroyed 
by an explosion and fire on February 21, 1918. The loss was about $45,000. 
Between 7.000 and 8,000 bushels of wheat were damaged or destroyed together 
with smaller quantities of buckwheat, oats and rye. Two employees were 
.slightly injured. 

The first or initial explosion, a sort of a puff, was followed by two distinct 
and more violent explosions. Some of the witnesses claimed that the roof was 
observed to rise and then settle back. Flames appeared immediately at the dis- 
charge of the two cyclone dust collectors and on the top floor. 

^ Careful investigations indicate that this was unquestionably a dust explosion, 
which took place in or around the cyclone dust collectors, but the cause of the 
initial ignition could not be definitely established. The mill apparently was running 
satisfactorily. There had been no choke-ups, hot bearings or open lights. 

New Prague, Minn. An explosion of minor proportions occurred in a flour 
mill in New Prague, Minnesota, on April 7, 1918. Rye flour was being ground 


^Northwestern Miller, October 17, 1909, p. 219. 
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at the time and the explosion occurred in one of the third-break rolls just as 
the miller had thrown the rolls apart and opened the door. It traveled through 
the dust-collecting system where a secondary explosion occurred and a small 
fire started. There was a distance of about 125 feet between the rolls and the 
dnst collectors. The suction pipe was blown apart at some points, but no great 
damage was done as the fire was soon extinguished by the sprinkler system. 
The miller at the rolls thought that the explosion was caused by a piece of steel 
or some other hard foreign substance passing through the rolls, causing sparks 
which ignited the dust 

Chekev, Wash. On Sunday morning, April 14, 1918, a 300-barrel mill in 
Cheney, Wash., was totally destroyed by an explosion and fire. The loss w^as 
$300,000. The plant was not in operation at the time, but was being cleaned and 
made ready for the next week’s running. Sweepers were at work, and it is said 
that they had finished sweeping the first, second and fourth floors and were 
working on the third floor at the time of the explosion. A man was babbitting 
a box on the first floor and two others were repairing a plansifter on the third 
floor. The explosion apparently started on the first floor and must have been 
caused hy the open torch of the workman babbitting the box, as the men on the 
third floor saw the smoke coming from below. The workman doing the babbitting 
claimed that he heard a noise and looking around saw a cloud of grayish black 
smoke and a mass of flames immediately surrounding him. It was with difficulty 
that he got out of the building. 

Memphis, Tenn. One man was severely injured and a loss of several 
thousand dollars worth of property and foodstuffs was sustained by a mill In 
Memphis, Tennessee, in an explosion which occurred in an elevator on October 
13, 1919. The first explosion was described as sharp and intense and was followed 
by a second heavy muffled explosion. The top of the elevator was blown out 
and fire started which, however, was soon under control. 

Boissevain', Manitoba, Can. A flour mill in Boissevain, Manitoba, Canada, 
was partially destroyed on the evening of December 6, 1919, by an explosion of 
flour dust which occurred when one of the packers went to the bin to determine 
the amount of flour. He opened the door of the bin and struck a match. .A.n 
explosion took place immediately and propagated up through the stairway to 
the floor above, where there was a second explosion near the top of the mill. 
The brick wall on one side of the mill was blown out and the other walls were 
partially wrecked. The manager fully believes that it was due to its cleanliness 
that the mill was not totally destroyed, as after the explosion fully 25 fires in 
almost every portion of the plant were extinguished. The loss was about $6,000. 

Denver, Colo. On January 20, 1920, a flour mill in Denver, Colorado, was 
damaged to the amount of $100,000 by an explosion which apparently started in 
the dust-collecting system. It was thought that it was due to the ignition of the 
dust in the fan by sparks caused by the striking of the blades of the fan against 
the steel casing. Blowcver, much of the evidence indicated that the explosion 
started in one of the rolls, as the doors were blown off and the inner section 
of the dust-collecting system leading from this roll was scorched, showing that 
the explosion had propagated through it. ^ Although the blades of the fan had 
Iiceii riding on one side and rubbing the casing, more thorough investigation seerned 
to indicate that the explosion must have been caused by sparks struck by foreign 
material passing through the rolls, but it was not possible to deteiniine definitely 
just at what point the explosion may have occurred. However, it propagated 
through the entire dust-collecting system and out into the plant, blowing out 
some sections of the building and, together with the tire which fo lowed, partially 
destroying the mill. Fortunately none of the workmen in the mill were seriously 
injured, although some of them sustained slight burns. ^ 

Kans*\s Citv Mo. A dust explosion of unusual interest occurred in a flour 
mill in Kansas City on March 15, 1922. Flour millers were especially interested in 
determining the cause of this explosion because of the fact that it occurred in a 
modern flour mill equipped with the latest type of machinery and dust-collecting 
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apparatus. The evidence available indicated that the explosion undoubtedly occurred 
in the rolls, presumably caused by sparks from foreign material passing through 
the rolls. The extent of the explosion was limited and contined to the dust-collect- 
ing equipment. 


ELEVATOR EXPLOSIONS. 

Available records do not show that explosions occurred in elevators as early 
as in flour mills. This may have been due to the fact that large elevators are of 
more recent construction and also that small elevators of earlier years were of 
such construction that any pressure built up was quickly vented and the potential 
e.xplosion was probably classified as a rapid fire. 

One of the first elevator explosions on record occurred in Toledo, Ohio, on 
September 20, 1898. Ten people were killed, five were injured and the property 
was almost completely destroyed. It is stated that the explosion lifted the roof 
high in the air, and blew away portions of the sides of the elevator, and that 
in a very short time the entire structure was damaged by the fire which followed. 

The explosion is reported to have been caused by an employee carrying 
a lantern into a dusty room. This case is similar to the explosion which occurred 
in a flour mill in Cleveland in 1888. Both show clearly the dangers of the prac- 
tice of using lanterns around mills and elevators. 

Richford, Yt. a very disastrous explosion occurred in an elevator in Rich- 
ford, Vermont, on October 7, 1908. As a result of this explosion and the fire 
which followed, fifteen employees were killed and two women who were walking 
on the railway tracks outside the plant were so badly burned that they died soon 
afterward. The property was destr 03 ^ed. 

The plant consisted essentially of an elevator with a capacity of aliout 
600,000 bushels, and a one-story warehouse about 720 feet in length and SO feet 
wide. The elevator was being used as a feed mixing plant. 

Witnesses stated that the first small sharp report was followed by one much 
longer and louder. The explosion was characterized by great force and violence. 
At the time of the explosion the plant had been shut down for a couple of 
days and the workmen were engaged in cleaning up the dust. Although grinding 
equipment was installed in part of the elevator, the officials of the company stated 
that no grinding was being done at the time of the explosion. The cause of the 
disaster was not definitely established, although it was thought it might have been 
spontaneous ignition, originating in the heated grain which was being removed 
from the bottom of one of the bins. Another theory was that a workman struck 
a match when the material was being removed from the bin. 

Minne.\polis, jMixn. An explosion of unknown origin occurred in an 
elevator in Minneapolis, Minnesota, during the evening of September 16, 1909. 
The watchman had made his rounds less than an hour before the explosion and 
found no fire. The first explosion was small, but it was followed l)y a very 
heavy one, which carried the fire 30 feet through a structural-steel corrugated 
iron passage-way containing a large grain conveyor belt that operated from the 
Avorking house to the tile bin house containing 51 bins. This caused a heavy 
dust explosion and a flash of fire in the tile-bin house, but the damage in this 
instance was confined to a slight loss of grain and the partial wrecking of the 
structural-iron roof supports and the corrugated -iron roof. 

Philadelphia, Pa. Three explosions occurred in the boiler room and dust- 
collecting system of an elevator on April 25, June 30, and July 23, 1913. Dust 
was blown to a collector and then discharged into either of two boilers. The 
explosions seem^ to have occurred wdien the boiler damper was closed and when 
the^ fan delivering dust from the elevator to the collector was being stopped. 
Evidently the dust was fired by flames from the boiler going out through the 
dust feed pipe with a change of draft conditions due to the closing of the boiler 
damper and the shutting down of the fan. With the injection of a water spray 
into the dust feed pipes just before they enter the boiler and the arrangement 
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of a signaling system so that the boiler damper can not be closed when the fan 

is l)eing stopped, the frequency of the explosions has been largely controlled. 

Akron,^ Ohio. An explosion occurred on December 2, 1913, in an elevator 
in Ohio. No lives were lost, and damage to the property was small. 

The explosion took place in an elevator leg used for transferring grain from 

one bin to another. The leg of the elevator on the first floor was blown oft, 
and the head was blown apart. After the explosion the odor present resembled 
that following the discharge of a shotgun. This was quite noticeable on the 
first floor, and at the elevator head where the flames escaped. The officials 
thought that possibly a loaded cartridge had been thrown into the grain in ship- 
ment, and, due to the friction in handling it, had exploded and ignited the dust. 

At the time of the explosion one of the men was using an electric extension 
light to look into the leg through an opening on the first floor. Later it was 
found that the lamp had been burned out. It was not determined detinitely what 
rcdatioii this had to the explosion, but it is possible that this may have been the 
cause. 

G.af.vkston , Texas. Although a dust explosion which occurred in one of 
the largest elevators in the South on March 30, 1914, was violent enough to blow 
cut the sides of the “spouting floor’’ of the building, no one was injured. The 
capacity of the elevator was about 1,000,000 bushels. Due to the fact that the 
automatic sprinklers oi)erated immediately after the explosion, no damage from 
lire resulted. The greatest loss was caused by the grain being damaged by water 
from the automatic sprinklers. 

The exact cause of the explosion could not be determined. One investigator 
concluded that it was produced by static electricity from the elevator machinery 
l)elt that had been very loose on account of the damp weather prevailing at the 
time of the explosion. 

Wkeh.awkex, N. J. The conditions surrounding an explosion which caused 
about $50,000 damage to an elevator of 2,000,000 bushels capacity near New York 
City in July, 1915, arc noteworthy. The explosion was confined to 5 all steel 
l)ins which formed p^art of a row along one side of the elevator. The tops of 
the l)ins were covered with 3-inch tile laid on steel cross-beams and covered 
with 1/1> inches of cement. This covering was continuous with and formed 
the hill door. The covering of each bin was provided with a manhole with an 
iron cover. 

All evidence seemed to indicate that the explosion took place in the center 
one of the 5 bins, as grain was being run into only this one, and the entire 
covering was blown from 4 bins and about two-thirds from the fifth. It was 
evident that the greatest pressure was in the bins, but the force was also trans- 
mitted to the monitor or cupola which extended the length of the structure 
and about 75 feet above the roof. A large part of the walls of this cupola was 
blown entirely out. 

A dc Unite cause of the explosion could not be obtained. At the time of its 
occurrence, the center bin was nearly empty and grain, which came from a weigh- 
ing hopper, had just started running into it, sliding fully 60 feet through an 
iron chute set at a slope of about 45 or 50 degrees, and falling over 70 feet to 
the Iiottom of the steel bin. It seems probable that the dust in the bin ignited 
l)y a spark created by some foreign material striking the steel cross-arm braces 
or the bottom of the bin. 

Nkw Orle.an.s, La. The cause of the explosion in an elevator in New 
Orleans, La., Dec. 14, 1915, could not be determined definitely.^ Men on the bin 
floor stated that they saw flames shoot out from the bin openings and from the 
legs, but there was no propagation. The sprinkler system heads are thought to 
have been opened by the heat blast of the explosion. 

El Reno, Okla. An explosion on December 21, 1915, at El Reno, Oklahoma, 
caused by a choke-up of wheat in an elevator leg, _ resulted in a loss of $2500. 
Fire spread to the bins and other parts of the building. 
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Peoria, III. The initial explosion in a large elevator on March 6, 1916, 
was followed by three minor explosions and fire spread rapidly over the whole 
plant. The roof of the building was blown over on to the railroad tracks. Fire 
was first noticed in one of the elevator legs which had become clogged and_ is 
supposed to have been caused by friction between the belt and the pulley which 
continued to revolve. The loss was $100,000 on the building and $500,000 on the 
grain. 

Fort Wortet, Tex. An explosion occurred in an elevator in Fort Worth, 
Tex., on Mar. 9, 1916, during the process of grinding kafir corn. To grind this 
hard grain finely the rolls had been brought too close together, it is thought 
Either a foreign substance passed through them, striking fire, or the rolls at 
some rough place hit together. It is interesting to note that the flash of fire 
from the bins set dust afire in jute bags some ten feet away. 

Baltimore, Ain. Seven men lost their lives and 22, were injured in an 
elevator explosion in Baltimore, Md., June 13, 1916. The loss of the elevator, 
damage to two vessels nearby and grain in elevator and aboard ship was estimated 
at $1,500, COO. The explosion was caused by a choke-up in one of the elevator 
legs. As a result of a defective signaling system and a misunderstanding among 
the workmen, the location was not determined. The friction, developed at the 
head, burned the belt in two, allowing it to drop and stir up the dust, which 
was ignited by the burning ends. 

Brooklyn, N. Y. An elevator containing over 800,000 bushels of grain await- 
ing shipment abroad was destroyed on October 13, 1917, as a result of dust ex- 
plosions and fire. The total estimated loss was approximately $1,750,000. 

The^ first indication of fire came apparently from No. 1 lofter. The elevator 
belt, which consisted of a combination of rubber and canvas, 363 feet long and_24 
inches wide, had been handling corn for about an hour. The odor of burning 
rubber was noticed by men working on the scale floor but they delayed about ten 
minutes looking for its cause until they had finished running the bin. Then the 
bearings and motor were found to be cool, but the belt was riding over to one 
side. After discovering this the employees started down stairs to shut down the 
elevator when the initial explosion occurred which blew out the head of thi.s 
lofter and part of the sides of the tower. The employees made their escape un- 
injured. A second explosion came less than a minute later, followed by flames. 
The entire building was destroyed with the exception of a section at one end. 

Although the cause of the original explosion in the elevator head could not be 
definitely established, it was probably the result of the rubbing of the belt against 
the side of the leg or the friction of the belt on the pulley. The second explosion 
was caused by the ignition of the dust stirred up by the force of the first one. 

Fife, AIont. An explosion occurred in the Farmers’ Elevator in December, 
1917. Shafting, pulleys and other machinery were blown through the cupola roof. 
The building was destroyed by the fire which followed. The elevator head had 
set-in bearings and the dust had piled high on the inside of the head. It is 
thought that one of the elevator buckets hit a nail. 

Beach Grove, Ind. An explosion occurred in an elevator just after two 
watchmen had left the plant, on June 14, 1918. They had made their trip of in- 
spection carrying lanterns as was customary at intervals during the night. The 
top of the workhouse w^as blown completely off. The workhouse and 30,000 bushels 
of grain were destroyed by the fire, the total loss being estimated at $300,000. 

Portland, Ore. An explosion of dust in one of the spouts of an elevator 
in Portland, Ore., occurred on Alarch 24, 1919. The damage was estimated at 
about $3000. 

AIilwaukee, Wis. On May 20, 1919, an explosion which undoubtedly originated 
in the boot or lower part of the front leg of the center elevator occurred in an 
elevator in Milwaukee, Wis., resulting in the death of three men, and serious 
injury from burns to four others. The explosion occurred during the handling 
of cottonseed meal. The loss on property and feed amounted to about $150,000. 
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Port Colborre^ Ont., Canada. One of the most disastrous explosions in 
Canada occurred August 9, 1919, at Port Colborne, in which 10 men were killed 
and 10 others were seriously injured. The loss of property was estimated at 
$1,500,000. 

The force of the explosion was terrific, especially in that portion of the plant 
above die bins. Immense pieces of reinforced concrete, steel beams and parts 
of the roofing were thrown in some cases 150 feet, A barge being loaded at the 
side of the elevator was sunk by the mass of debris thrown on it. The fire loss 
was almost negligible as a result of the fire-resistive construction. The cause of 
the explosion was not definitely determined, but it is probable that it was a choke 
in one of the elevators. 

Kansas City, Mo. The explosion on September 13, 1919, in a large terminal 
elevator at Kansas City, Mo., was one of the most disastrous of its kind that had 
ever occurred in the United States in a grain elevator, for the reason that in no 
similar disaster had there been so many lives lost. Fourteen men were killed, 10 
injured and property to the amount of $500,000 was destroyed. A thorough inves- 
tigation was conducted and consideration given to the various theories as to the 
cause of the explosion without success in discovering the source. 

All evidence available indicated that it originated in the basement in the vicinity 
of one of the receiving legs where workmen were busily engaged in cleaning. The 
spark that caused ignition might have been produced by smoking or by defective 
electrical devices, such as poor extension cords and unprotected bulbs and switches. 
The explosion propagated to all parts of the elevator, blowing out walls and shatter- 
ing heavy concrete work as it went. The lines of communication from one building 
to another were, as usual, through the tunnels, runways and elevator shafts, the 
walls of which were generally destroyed. 

Memphis, Tenn, On October 13, 1919, an explosion occurred in the elevator 
part of a plant in Memphis, Tenn. Fire was seen to flash from the top of the 
elevator immediately after the first sharp report. No loss of life resulted, but 
one man was severely injured. Several thousand dollars worth of property and 
food-stuffs was destroyed, 

Chicago, III. The explosion on March 19, 1921, in the North Western Ele- 
vator at South Chicago, Illinois, attracted more attention to the subject of dust 
explosions than any other occurrence because of the great damage done to a struc- 
ture which was considered so safe that insurance was unnecessary. As a result 
of the explosion 6 men lost their lives, several were injured and property to the 
extent of $3,000,000 was destroyed. The shock was felt for many miles, breaking 
windows in business houses five miles from the plant. 

Because of the fact that all the employees who were in the elevator at the 
time were killed, it was impossible to determine definitely the cause of the explo- 
sion. However, after a thorough investigation of the wrecked elevator and con- 
sideration of the statements made by company officials, employees and^ eye wit- 
nesses, it is believed that the explosion was caused by fire in one of the driers. The 
cleaning of the garners above the driers created a dust cloud through which the 
flame propagated to the basement of the work house where the first heavy explo- 
sion took place. 

The river house was badly damaged, part of it being blown into the water. 
Close inspection of the storage section revealed the fact that, in addition to the 
complete destruction of bins at the southeast corner, there was extensive' damage 
to the concrete construction everywhere. The force of the explosion, unbelievable 
as it is, had evidently been sufficient to lift the huge loaded concrete bins (about 
300,000 tons) from their foundations and to move them from their original 
positions. About 40 bins were shifted at the northeast corner nearly half a foot. 
The structure above the storage bins was totally destroyed, being twisted and bent 
in such a way as to necessitate complete renewal. 

Baltimore, Md. An explosion that injured 3 men but caused little property 
damage occurred on the afternoon of July 5, 1921, in an elevator at Port Cov- 
ington, Baltimore, Md. The fact that this elevator was free from dust accumula- 
tions and generally very clean prevented more extensive damage. The cause is 
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1.)elieved to have been sparks from static electricity or from foreign material in 
the grain being handled. The elevator had been given a thorough cleaning a short 
time before the explosion occurred. The minor extent of this explosion indicated 
the value of removing the dust from the plant and not permitting it to accumulate. 

Montreal, Quebec. On October 27, 1921, an explosion of minor proportions 
occurred in a large terminal elevator in Montreal. The explosion originated in one 
of the elevator legs during the handling of corn and was thought to have been 
caused by sparks in the lofter leg. The resulting fire was soon controlled and 
the damage limited to approximately $11,000. 

FEED AND CEREAL MILLS. 

Another class of grain-handling plants which have been subjected to explo- 
sions is that in which various cereal products and feeds are manufactured. These 
l)lants have been classed together because in the manufacture of cereal products, 
feeds are a necessary by-product. As far less care is taken in precleaning grain 
for the manufacture of feeds than for the manufacture of food products, and as 
the material is subjected to a much more rapid and severe treatment in grinding, 
the hazard of the process is not only increased by the production of sparks Init 
by the extra dust created. A number of minor explosions have occurred in such 
industries, and consequently unusual precautions are taken in many plants. ^ In 
one plant hardly a week went by that there was not at least one explosion in a 
grinding machine and often there would be two or three in one day. Conse- 
quently, the machinery was so installed that these explosions would readily l)e 
vented to the outside, air, and no damage would result except in the loss of a 
small quantity of burned product. Only the more important of these explosions 
will be listed and described.. Small explosions, caused by sparks struck by foreign 
materials passing through feed grinding machines have freciuently occurred in 
cereal mills in the United States and Canada. 

Cedar Rapids, Iowa. A very disastrous fire following a dust explosion re- 
sulted in the complete destruction of a large cereal plant in Iowa, on Marcli 5, 
1905. One emplo 3 ^ee lost his life, three were injured and the property damage 
exceeded $1,000,000. The dust explosion, which started in a machine during the 
grinding of oat hulls, was caused by the ignition of the dust cloud l.)y sparks from 
foreign substances entering with the grain stream. One of the mill attendants 
stated that he heard a hard substance strike the plates about the time the explosion 
took place. 

The explosion appeared to originate in the conveyor line under the machine and 
then to travel through it to an adjoining elevator leg from which it propagated into 
a storage bin. The estimated property loss is one of the largest on record. This 
was one of the first big disasters of this nature in the cereal milling industry. 

Shadvstde, N. J. An explosion occurred in a glucose plant in New Jersey 
on i\lay 22, 1906, in a room located on the fourth floor of the building and used 
solely for filling the bins below the floor with dry “Indian Meal” feed. This feed, 
said to be light and dusty, was brought to the top floor in frame-enclosed and 
sprinklered bucket elevators, and was then carried to the bin room by four over- 
head screw conveyors encased in unlined frame boxes located 10 feet above the 
floor. 

The report of the insurance inspector contains the following statement : 
“This was a dust explosion, started, presumably, by a spark from some foreign 
substance in the screw conveyor.” It was said that the room was more or less 
filled with dust from the feed falling about 10 feet to the floor. The fire marshal, 
who was 50 feet from the building when the explosion occurred, said that he “saw 
the roof rise and the wall facing him blow out* then the roof settled back.” One 
man was killed and the property loss resulting from the explosion and fire follow- 
ing amounted to about $75,000. 

Buffalo., N. Y. On January 4, 1910\ an explosion occurred in a cereal mill 
in Buffalo, N. Y., which resulted in the loss of five lives, injuries to seven other.s 
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<iiid property loss of about $118,000. The explosion occurred in the evening and 
at a time when business had been suspended for a few days. Consequently the 
machinery was not in operation. It was reported that the plant had been cleaned 
thoroughly. The weather was cold, the temperature being below zero. Owing 
to the complete destruction of that part of the plant in which the explosion occurred, 
the cause was never definitely determined. 

Granite City, III. A big explosion partially destroyed a section of the ele- 
vator building of a corn products plant at Granite City, III., on August 7, 1910. Two 
men were killed and 7 others were more or less seriously injured. The greatest 
damage by the explosion was in the elevator building, although it was very evident 
that the origin of the explosion was at a point some distance away and in another 
building. Gluten feed, which is manufactured from the germ of the corn after 
the oil has been removed, was being ground in an attrition mill. The clogging 
of the feed to the mill or the passing of foreign material between the blades 
created sparks which ignited the dust within the grinding machine and caused a 
blaze and minor explosion to be carried fully 375 feet through a pneumatic conveyor 
to a c3^clone dust-collector at the top of the feed elevator 140 feet above the attri- 
tion mill. This collector and the entire upper portion of the plant were blown 
apart by a secondary explosion which resulted from the stirring up of the dust by 
the explosion in the collector. 

Buffalo., N. Y. The most violent explosion of grain and cereal dusts in this 
country in recent years occurred in a feed grinding plant in Buffalo, N. Y., June 
24, 1913. The explosion was followed by a very disastrous tire which destroyed 
and damaged property some distance away. Thirty-three lives were lost and 80 
people injured. The explosion occurred at about 4 o’clock in the afternoon of a 
very warm, sultry day, with the temperature at 90 degrees, and a humidity' of 74 
per cent The explosion, described as consisting of two reports, one following the 
other, with the second report louder than the first, occurred when the mill was 
in the regular process of operation, that is, manufacturing- feeds. Numerous 
theories have been advanced relative to the origin of the explosion, but the exact 
cause was not determined. An inquest of extended sessions was conducted by 
the City Court, in an effort to determine the cause and circumstances of the explo- 
sion. The decision of the Court, after examining 110 witnesses, many of wiiom 
were employees, was in part as follows: “The testimony, without exception, has 
been that the plant on that day was in good working order, and that all ordinary 
precautions for the protection of the men had been taken. No evidence has been 
produced that would tlirow any light upon the cause of the accident, and I therefore 
find that the men whose deaths were caused by that accident, came to their deaths 
from fire originating from causes unknown.” 

This explosion awakened active interest among millers and grain men through- 
out the country and led to the initiation of the work now lieing carried on by the 
Department of Agriculture. The final conclusions reached indicate that the ex- 
plosion originated in the feed-grinding department and probably was caused by 
ignition of oat-hull dust. 

Keokuk, Iowa. An explosion occurred on the night of September 11, 1913, 
in a cereal mill in Iowa. Fortunately no lives were lost, but the property was 
damaged considerably by the explosion and the fire which followed. The explosion, 
characterized by a sudden puff, or report, followed by a ])ody of flame and fire, 
took place in a section of the plant where oat hulls were being ground for feed. 
Here, also, the greatest damage was done. The conveyor lines from the grinding 
machine to the storage bins gave evidence of fire, and the explosive wave seemed 
to travel through this part of the plant. Although the grain is said to have been 
reasonably clean, it is thought that some foreign material may have been introduced 
into the grinding machine and produced sparks which ignited the dust cloud 
present. The flame thus produced traveled along the conveyor lines and elevator 
legs until the receiving bins or hoppers were reached, where the explosion occurred. 

Buffalo, N. Y. One man was killed and seven others injured as the result of 
an explosion and fire in a feed mill in Buffalo, N. Y., Sept. 12, 1913. The property 
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loss was $180,000. It is believed that sparks from foreign material in the attrition 
mill caused the explosion as the grinding machines were on the floor on wfliich the 
fire originated. 

Fort Dodge, Iowa. An explosion took place in a cereal mill in Fort Dodge, 
Iowa, on November 6, 1913. Two men were burned very badly and the property 
was damaged considerably. Fortunately the explosion occurred during the noon 
hour, when most of the employees were outside the plant. The tender at the attri- 
tion mill was sitting near the machine, eating lunch, when he heard an explosion, 
described as light in nature, inside the machine. This was followed by a later 
explosion of a loud, rumbling nature, that shook the entire plant. The flames were 
carried by means of conveyor lines and elevator legs up into a large storage bin, 
containing but a small amount of ground material, and ignited the dust in suspen- 
sion, thereby producing the violent explosion which followed. 

Battle Creek, Mich. On October 30, 1914, a slight explosion occurred in one 
of the first-break rolls in a cereal mill in Battle Creek, Mich. It was described by 
the head miller as a puff of flame beneath the rolls, with only a slight report. 
The iron doors of the mill were blown open and flame shot out several feet into 
the room, but as there was nothing outside for it to propagate through or to set 
afire, this flame immediately spent itself. How’ever, a flame continued to burn 
beneath the rolls until the feed was shut off and the mill stopped. The estimated 
damage Avas not over $5 as the only loss was some burned and charred flour. 

At the time of the explosion the head miller was standing near the set of 
rolls. He heard something that sounded like a nail or screw coming down the 
spout along with the grain. The explosion happened just as it struck the rolls, 
the dust undoubtedly being ignited by the sparks struck by the foreign material as 
it passed between the rolls. 

Davenport, Iowa. During January, 1915, a cereal mill in Iowa experienced 
two minor explosions within a period of 24 hours. Both were thought to have been 
caused by the ignition of dust on the interior of the grinding machinery (attrition 
mills) by the presence of foreign iriaterials in the grain. Although the company had 
only been operating about three years, at least five explosions, minor in nature, 
had occurred. The explosions in 1915 were probably the most disastrous of any 
that had taken place. 

Peterborough, Canada. A very disastrous explosion and fire occurred in 
December, 1916, in a large plant in Canada devoted to the manufacture of cereal 
food products. Seventeen persons lost their lives, sixteen were injured, and the 
property damage was estimated to be $2,000,000. The plant was apparently modern 
and up-to-date in every respect, being largely of fire-resistive construction and 
equipped with such safety devices as sprinkler systems, pneumatic separators, and 
dust collectors. 

The explosion originated in the building in which oat hulls were ground, and 
the resulting fire spread through the entire plant, destroying it completely. The 
fact that the explosion originated in the building in which the grinding machines 
were located was established definitely by the testimony of survivors. As this 
building adjoined the boiler room, the first report led to the belief that on.e of the 
boilers had exploded. However, the boilers were found to be intact after the 
explosion, thus eliminating this supposition. 

The machines, utilized in preparing cattle feed from oat hulls, were of the 
direct-connected motor driven, attrition-mill type. Although generally considered! 
safe in every way, it was stated that flashes of fire had been observed to occur in 
the mills from the time these machines were originally installed. These flashes 
started no fires of serious proportions and did very little damage. A spark struck 
by the passage of foreign material through the grinding machine was undoubtedly 
the cause of this explosion. 

South Bartonville, III. It is thought that an electric spark ignited the dust 
and caused the explosion and fire which occurred Jan. 1, 1919, in the grinding and 
mixing plant of an elevator in South Bartonville, 111. The estimated loss was about 
$750,000 to buildings and contents. 
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Portland, Oregon. An explosion occurred in the discharge spout from an 
attrition mill in which alfalfa meal was being ground in a plant in Portland, 
Oregon, on March 24, 1919. The explosion propagated into the elevator and dust 
collector drawing dust from the discharge spout. It is believed that the explosion 
was caused by foreign material passing through the plates of the attrition mill 
with the partially ground alfalfa. The superintendent of the plant stated that 
several small explosions from this cause had been experienced previously, but that 
this was the first which had occurred since the suction dust-collecting system had 
been installed to remove the hot air and relieve the pressure within the grinding 
machine. The lire which followed this explosion was soon brought under control. 
The damage was estimated at $3000. 

Peterborough, Ontario, Canada. Two explosions, one unimportant but the 
other causing considerable loss, occurred in a feed mill in Peterborough, Can., on 
July 31, and August 18, 1919, respectively. The sprinklers opened on all of the 
eight floors and prevented excessive damage. The fire is supposed to have started 
in the grinders and to have been carried into the elevator. 

Buffalo, N. \. On September 12, 1919, a dust explosion occurred in a feed 
mill and elevator in Buffalo, N. Y. Three men were injured, one seriously, and 
property to the extent of $20,000 was damaged. 

The walls of the fourth floor of the building were blown out, and the roof 
of the cupola was destroyed. It is said that the efficient operation of the automatic 
sprinkler heads, opened by the explosion, saved the plant from entire destruction. 

One theory advanced as to the cause of the ignition of the dust was that a mus- 
lin cover over one of the motors w'as set on fire by sparks from the motor. When 
tested several days later, however, this motor operated in a satisfactory manner 
and gave off no sparks. The cover over the motor may have been burned by the 
fire after the explosion. From the evidence obtained it is believed that the fire 
started from some unknown cause on the first floor near an elevator leg and spread 
to the fourth floor where the greatest damage was done. 

Brandon, Man., Canada. One man was injured and a loss of $10,000 was 
sustained in an explosion which occurred in the third or upper story of a flour and 
feed mill in Brandon, Man., Canada, on Oct. 21, 1920. Little damage was done by 
fire, but the force of the explosion blew out the north, east and west walls of the 
third story and the stock was damaged by water. One theory of the cause of 
the explosion is that the kiln used for drying oats became overheated and set 
fire to the dust in the small space between the top of the kiln and the floor of 
the third story. 

Buffalo, N. Y. An explosion of ground oat hulls occurred at a feed grinding 
plant at Buffalo, N. Y., November 22, 1921, when an electric lamp was broken 
within the head of an elevator carrying the ground material to the top floor of the 
mill. 

A workman was using the light to inspect the elevator which had not been 
discharging properly. In some manner the steel buckets of the elevator struck 
the lamp which was protected by only a light wire guard. When this guard was 
crushed and the lamp broken the hot filament ignited the fine dust and the explo- 
sion occurred. 

This case has been of unusual interest because it substantiates the theory that 
unprotected electric lights are a fire and explosion hazard in dusty industries. The 
workman referred to above was only slightly injured in this explosion and was 
able to tell accurately what occurred. On account of the clean condition of the 
plant no fire followed the explosion and the property loss amounted to less than 
$4000. 


STARCH DUST EXPLOSIONS. 

A number of explosions have occurred in the manufacture of starches, but 
complete details of the earlier ones are not available. As starch is one of the more 
inflammable dusts, greater precautions are taken in the handling of it than is 
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necessary with many other products. Many of the explosions which have occurred 
in starch factories have started in the machines where the starch was being ground 
or pulverized, as was the case in a factory in Bradley, III, on March 12, 1901. 
The plant was almost totally destroyed with a loss of $230,000. Explosions also 
occur in the drying kilns of starch houses as in a plant in Waukegan, III, on 
February 24, 1904. The cause of this explosion is not known. It resulted in the 
loss of one life and the destruction of the plant with a property loss of more than 
$200,000. Explosions in drying kilns are often started by a small lire, occurring 
possibly when the starch becomes overheated or when flame or sparks get in from 
the fan or air-circulating system. 

New York City. On December 20, 1877, a confectionery factory in New 
York City was the scene of an explosion which blew the building to pieces and 
carried Are to the premises adjoining on both sides, causing a loss of $119,950. Two 
of the workmen charged the origin of the fire to the upsetting of a lamp in the 
starch room, but a subsequent examination failed to verify this explosion hypothesis. 
The findings, however, were based upon the assertion that “starch was not used 
in such a way as to leave distributed the fine powder through the room,’’ a state- 
ment which could not be verified after the explosion, but which seems to be con- 
trary to the known facts in other candy factories. The boilers were intact and 
there seemed to be no satisfactory explanation for the disaster unless it was an 
explosion of starch dust, wdiich was ignited by the flame of the lamp. 

Grand Rapids, Mich. In January, 1883, there was an explosion of starch dust 
in a candy factory at Grand Rapids, Michigan. The windows in several stories 
were blown out, but the fire which ensued in the debris was quickly extinguished. 
The explosion occurred in the drying room in which were several wooden trays 
containing corn starch. The room was dark and a gas jet was kept lighted. One 
of the trays fell over, scattering the starch in every direction and filling the air 
with the dust. The instant the dust reached the gas jet the explosion occurred. 

Waukegak, III. One employee was killed and damage of about $300,000 was 
caused by an explosion and fire in the dry starch kiln house of a starch and glucose 
plant in Waukegan, 111., on Feb. 24, 1904. The cause of the explosion was not 
determined. The sprinklers were ineffective as the force of the explosion ruptured 
the pipes. 

Oswego, N. Y. On September 28, 1907, an explosion occurred in a starch 
factory at Oswego, N. Y. It started in the cyclone feed to the starch grinding 
room and extended to the dust collector on top of the grinding room. The force 
created was sufficient to tear the roof off the building and to wreck the cyclone 
and conveyor pipes. A similar explosion occurred at this plant in July of the same 
year. The cause of these explosions could not be determined definitely. In both 
cases the damage was slight and the resulting fires were easily extinguished. 

Providence, R. I. Two explosions on February 12, 1908, followed by fire,, 
practically destroyed a starch and dextrine plant in Providence, R. I., and killed 7 
people. The first explosion occurred on the premises of a ship supply company occu- 
pying a portion of the same building. Several minutes later the second explosion 
took place on the second floor of the part occupied by the dextrine company. 
This dust explosion did most of the damage and was followed by a serious fire. 
The fires in the dextrine kilns were banked at the time, and the only operation 
going on in the starch factory was that of packing. 

Presumably the first explosion occurred among some of the inflammable- 
fluids of the ship supply stock. It shook the whole premises sufficiently to im- 
pregnate the air in the building with starch dust. The fire, quickly reaching the 
dust laden rooms, caused a second explosion. 

Roby, Indiana. On March 7, 1910, in Roby, Indiana, a violent explosion in 
a starch factory killed four and injured ten workmen. Although the theory was 
advanced through the press and the technical journals that the explosion was- 
due to overheating a “starch kiln,” the evidence indicated that the initial explosion 
originated in one of the starch pulverizing mills in the grinding house and then 
propagated through the conveying system to an adjoining building where the violent 
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explosion occurred. It is thought that the source of ignition came from sparks 
produced by foreign material entering between the plates of the grinding mill 

L.-\nsdale Penn. Four men were seriously burned, and a plant in Lansdale 
Penn., engaged in manufacturing cassava flour, was nearly destroyed bv an ex- 
plosion which occurred in a drier on April 16 1911 ‘ ’ ' 

. The driers, which contained a residue of stock on the bottom, possibly several 
inches in thickness, were shut down at 4 o’clock in the afternoon, Ld on the fol- 
Imving- niorning- a luimher ot workmen began to make certain repairs. Durin- 
the work the electric lighting current was shut o(t, and the men secured twS 
0,1 lanterns which were takem ins.de one of the driers. few minutes later 
the pplosioii took place, due to the ignition of the starch dust by the open flames of 
the lanterns. 

W.xuKEG.\N, I1.1, A very disastrous explosion occurred in a starch factory in 
\V aiikegan, I k, on November 25, 1912, resulting in the loss of 14 lives, injuries to 
19 other employees and a property loss of over $100,000. The cause of the explo- 
sion was not dehnitely determined, but the general conclusion of officials at the 
l)lcint seems to be that an employee struck a match in the starch house causino" an 
ignition of the very line dust from the driers. The explosion started in the starch 
drying house and propagated throughout the plant. It was so terrific that its 
effects were felt for some distance from the plant. 

Edgewater, ::\h ]. A New Jersey starch and dextrine plant experienced dis- 
astrous dust explosions on two separate occasions, September 6, 1914 and De- 
cember 21, 1915. 

This plant consisted of a powdered starch department where the starch was 
dried and ground, a dextrine department in which the powdered starch was manu- 
factured into dextrine products, and a dust-collecting house, a building located 
away from the remainder of the plant and containing two rooms, one for dextrine 
dust and one for dry starch. 

It was believed that the September, 1914, explosion, which killed two and in- 
jured three men, originated in the revolving reels in the dextrine department. The 
flame and pressure burst out into the room. Three workmen nearby were burned. 
Flame traveled up through the pipe conveying the dextrine from the shakers to 
the floor above the reels where two workmen were burned. The flame was also 
drawn into the suction dust-collecting system, through which it propagated to the 
dextrine dust house, where a second very violent explosion took place, which 
completely destroyed both the dextrine and the dry-starch dust rooms. The flames 
and pressure from this explosion traveled back through the dust discharge pipe 
into the dry starch department, but fortunately this portion of the plant was not 
in operation and the explosion died out. 

The December, 1915, disaster, which killed one man and injured eleven, and 
caused damage to property amounting to $25,000, appears to have traveled in the 
opposite direction. It originated in the dry-starch grinding plant and passed 
through the dust house and back into the dextrine department. The explosions 
occurred at about 8:55 A. M., two distinct reports being heard. The first was 
described as loud and sharp and of short duration: the second, as a long rumbling 
sound followed by a large body of flame. The brick wall between the dextrine 
department and the dry-starch grinding room was blown down, and this entire 
portion of the plant badly burned. Also the dust house was completely destroyed. 
Only slight evidence of violence and fire was present in the dextrine plant. The 
dextrine reel was not damaged in this explosion, but it gave evidence of fire. 

The point of origin of the 1914 explosion seems to have been within the 
dextrine reels on the second floor. The cause of the ignition could not be estab- 
lished definitely, but previous experience led the officials to conclude that the dust 
was ignited by static electricity produced by the friction of the dextrine on the 
brass sieves. Provision had been made to remove the static electricity through a 
ground connection to the journal box. However, ^few minutes before the ex- 
plosion occurred, the bearings had been oiled and it is thought that this layer of 
oil served as an insulator and allowed the charge to build up in the reel until it 
discharged and ignited the dust. 
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The exact cause of the 1915 explosion was perhaps more of a mystery, as its 
exact point of origin could not be determined. The most plausible explanation 
seemed to be that it started in a starch reel, and that it was caused by static 
electricity. 

The ground-wire connections on one of the brass reels in the powder mill 
were found broken, making a favorable condition for the accumulation of static 
electricity. The weather conditions, unusually low humidity and dry cold air, were 
likewise favorable for the generation and accumulation of large quantities of 
static electricity. 

Argo, III. Two workmen were seriously injured in an explosion in a starch 
factory March 12, 1919, in Argo, 111., believed to have been caused by the breaking 
of an electric light bulb which had been lowered into a starch bin. The property 
loss was not large. 

Cedar Rapids, Iowa. On May 22, 1919, in the early evening, a disastrous 
dust explosion occurred in a starch factory at Cedar Rapids, Iowa. Forty-three 
men lost their lives and 30 more were injured. The property damage exceeded 
$3,000,000. 

The force of the explosion was so terrific that buildings a mile from the scene 
of the disaster were damaged. The damage to plate glass alone in the city exceeded 
$150,000. The entire plant was wrecked and that portion which was not destroyed 
by the explosion was damaged by the resulting tire. 

The exact cause of the explosion could not be determined as all the direct 
evidence had been destroyed. After the investigation, however, it was concluded 
that it originated in the dry-starch section of the plant. In the examination of 
machines to determine whether the ignition came from any mechanical source, a 
tear in a new screen of one of the grinding machines was discovered. This tear 
indicated that foreign material had passed through the screen and that the conditions 
in the interior of the machine were not normal. It was concluded from this evi- 
dence that the spark which ignited the dust might have been produced by foreign 
material entering the machine. It is also probable that the original ignition then 
propagated through the milling system and caused the disastrous explosion. 

RICE MILLS. 

Explosions in rice mills have not been so frequent as in other types of mills, 
probably on account of the large percentage of ash in the rice hulls. However, 
minor explosions have occurred in the manufacture of rice starch and flour, and 
also in the polishing of rice where dextrine was used as a polishing material. The 
dusts created have been found to be much less inflammable than many other types 
of milling dusts. 

New Orleans, La. On April 7, 1918, a New Orleans rice mill was destroyed by 
lire as a result of a rice dust explosion. The total loss was estimated at $30,000. 

The explosion originated from sparks produced in an attrition mill which 
was being used to grind rice hulls. Though not violent, it was of such a nature 
that the fire seemed to propagate instantly throughout the plant in the burning dust 
suspended in the air. 

The dust^cloud present in and around the attrition mill may have been ignited 
if the magnets were not working and a piece of foreign material or steel entered 
the mill and produced sparks, or if the steel discs of 'the mill were set so close 
that they would strike and produce sparks when the machine was empty. 

MALT DUST. 

Some of the earlier explosions on record have occurred in breweries or malt 
houses. One of the first ones in this country occurred in Ehret’s Brewery, in 
New York City, on July 30, 1881h The explosion started at or near the head of 


’^Scientific American, August 20, 1881. 
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the elevator, which was carrying crushed malt from the crushing machines to a 
distributing chamber in the top of the building. It was probably caused by the 
ignition of dust in the crushing or grinding machines. The tirst explosion was 
followed by two or three secondary explosions and these by a fire which nearly 
destroyed the plant. The roof of the building was lifted and the walls were par- 
tially destroyed. Another small explosion occurred in this same plant on July 4, 
1880, when the dust in the malt mill was ignited by a match going through the mill. 
The explosion propagated in the elevator. The loss from the explosion and fire 
was $2000. The superintendent stated that similar explosions had been caused by 
pebbles or pieces of metal passing through the machines. 

In May, 1889, another brewery in New York suffered heavy loss as a result of 
an explosion in the grinding machines in which malted barley was being ground, 
and in July of the same year a slight explosion occurred in still another brewery in 
the same city and from a similar cause. In this last case the e.xplosion propagated 
into the hoppers, but very little damage was done. 

On July 18, 1901, an explosion started in a malt house in Portsmouth, N. H., 
in the hopper under the malt grinding machine, and spread through the elevator to 
the malt bins. The force of the explosion blew off a portion of the roof of the 
building, but the fire which followed was soon under control and the loss was only 
about $15,000. The cause of the explosion is not known, but it is thought to have 
been started by foreign material passing through the grinding machine. A similar 
explosion occurred in another brewery in Portsmouth on August 11, 1911. In 
this case the explosion was drawn into the dust collecting system and the greatest 
damage was done in the vicinity of the dust collector. The loss was about $2000. 

A brewery in Springfield, Mass., was damaged to the amount of $1600 on 
September 13, 1907, as a result of the explosion and fire which occurred in the 
malt mill. The explosion propagated .through the elevator legs to the malt bin, 
where the greatest damage was done. A similar explosion with small loss in a 
brewery in Boston, on July 23, 1908, was caused by foreign material passing through 
the malt mills. It is thought that some foreign substance got by the magnets 
installed for the removal of metal before the malt went into the grinders. A 
similar explosion occurred in another Boston brewery on May 31, 1911, caused 
by foreign material passing through the Dobbler mill. 

On September 13, of the same year, an explosion occurred in a brewery in 
San Francisco, also caused by sparks struck by foreign material in the malt mill. 
A smoldering fire started in the hopper under the mill and was partially smothered 
by the ground material. It was conveyed to a larger receiving hopper where it 
caused an explosion of accumulated dust. 

Chicago, III. On October 7, 1916, the seven-story grain elevator of a malt 
and grain company in Chicago was wrecked by fire and explosion. Four men were 
burned and injured and a loss of about $25,000 was sustained by the concern. The 
cause of the explosion could not be ascertained.^ 

Milwaukee, Wis. During a fire in the elevator of a malt company in Mil- 
waukee, Wis., on October 15, 1916, an explosion occurred which blew out the walls 
and spread the fire. Doubtless a dust cloud was formed by falling timbers or by 
a draft and was ignited by the flames. The origin of the fire is unknown. The 
elevator, with its contents of about 500,000 bushels of malt and barley, was com- 
pletely destroyed. The building alone was valued at $150,000. 

SUGAR DUST EXPLOSIONS. 

Sugar is one of the more inflammable of the mill dusts, but the early records 
disclose no accounts of serious explosions as having occurred in the sugar industry. 
This may be due to the fact that sugar has not been pulverized until the last few 
years, and that but a small amount of dust is created in the handling of the rather 
coarse product. However, on August 20, 1891, an explosion occurred in a Phila- 


^ American Elevator and Grain Trade, Oct. 15, 1916, p. 266. 
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delphia refinery, as a result of the ignition of dust by open gas lights. Grinding, 
sifting and handling of powdered sugar, and the use of the open flame as a source 
of light were the direct causes of this explosion. The fire spread rapidly but was 
soon under control. 

Brooklyn, N. Y. On April 28, 1911, an explosion completely destroyed the 
sugar dust house located on the roof of a sugar refinery in New York. This dust 
house was connected with the granulated sugar driers and was constructed of light 
material for the purpose of releasing the pressure created by a possible explosion. 
The cause of the explosion was not definitely determined, but it is thought that the 
dust was ignited by a spark produced either by one of the blower fans which 
exhausted from the/ granulated sugar driers to the dust house or by the entry of 
foreign material in one of the pulverizing machines. These pulverizers did not 
directly connect with the dust house but exhausted into dust collectors located on 
an upper floor. It is stated that the top of one of the pulverizers was blown off. 
The fire which followed the explosion destroyed part of the plant. 

Philadelphia, Pa. The damage resulting from an explosion of sugar dust in 
a Philadelphia sugar mill on February 27, 1914, was slight. The explosion occurred 
in the building where the granulated sugar was being pulverized. The cause was 
said to be the breaking up of the lignum-vitae button in one of the powder mills. 
Excessive friction, accompanied by heat, was produced, which in turn ignited the 
sugar dust in the machines and caused the explosion. It propagated into the 
receiving bin and bolting system but the force was slight and very little damage 
resulted from fire on account of the prompt operation of the sprinkler system. 

New York City. In February, 1914, an explosion occurred in the sugar 
pulverizer of a chocolate factory located in New York City. One employee was 
badly burned and the property damage was confined almost entirely to the ma- 
chinery. Previous explosions of this nature had been experienced at this plant. 
Sprinklers, operating directly over the machine at the time, extinguished the fire 
resulting from the explosion before much damage was done. No explanation could 
be given for the explosion other than that it was caused by a spark originating 
from foreign material entering the machine or by a hot bearing. There is also 
a possibility that static electricity was the cause as had been, the case with the same 
machinery grinding other materials. 

Brooklyn, N. Y. A portion of a New York sugar refining plant w'as de- 
stroyed by an explosion and fire on June 13, 1917. Twelve persons lost their lives 
and 24 were injured as a result. The property damage amounted to over $1,000,000 
and included the destruction of 70,000 bags of raw sugar. 

It is believed that the explosion originated in the sugar pulverizing machinery 
on the seventh floor of a building which served as a warehouse and packing depart- 
ment. It blew out portions of the walls. The workmen had little chance to escape, 
consequently those who might have known the real cause and point of origin were 
buried in the ruins. The fire which followed spread so rapidly and destruction 
was so complete that all material evidence was also destroyed. The rapid spreading 
of the flames was permitted by the destruction of the sprinkler system when the 
explosion occurred. 

Many theories w^ere advanced in explanation of the cause of the explosion, in- 
cluding spontaneous combustion, naked flames, bomb plots, and sparks struck by 
metal in the grinders. Careful investigation indicated that the explosion originated 
in the sugar pulverizing department and that it propagated to the dust cloud present 
in the empty sugar bins, and then throughout the various parts of the plant. 

Chicago, III. An arc from an electric swdtch which ignited the sugar dust 
in the air is assigned as the cause of an explosion which occurred June 16, 1920, in 
Chicago. Fire followed. There was also a small explosion and fire in the same 
plant on Feb. 2, 1921, supposed to have been caused by sparks from foreign 
material. 


REVIEW OF EXPLOSIONS. 


221 


WOOD DUST. 

It would hardly be expected that extensive explosions would occur in saw mills 
or wood-working plants of the ordinary type, as these are largely of open construc- 
tion. Often the work is carried on under a simple roof or other slight protection 
from the weather, without enclosed walls or building. However, several explo- 
sions have occurred. As early as November, 1874, eleven w^orkmen were seriously 
injured in an explosion in a wood-working plant in Detroit, Mich. A brick flue 
extending through several floors of the building had openings on each floor into 
which refuse such as dust and shavings was put, to convey it to the furnace room. 
A steam pipe passed through this flue about eight feet from the furnace room floor. 
A tire starting at this point had just got under way when a quantity of dust and 
shavings was thrown down the flue. These were ignited and the explosion resulted. 

In May, 1880, an explosion of dust from the finishing room in a wood- 
working plant in Appleton, Wis., caused considerable damage to the plant. The 
dust, which was created in the polishing or sanding of wagon wheel spokes, accumu- 
lated on rafters and beams. Some of it fell into some live coals that had accidentally 
fallen out of the stove onto the hearth. Another explosion caused by the ignition 
of dust in the engine room caused the partial destruction of a plant in Columbus, 
Ohio, in 1886, and the injury of one man. 

A new dust collecting system in a wood-working plant in Fitchburg, Mass., 
was being tried out on February 7, 1906, and dust was being blown to a collector 
having a feed pipe, directly into the boiler room. Dust w'hich had worked into the 
system was blown down into the boiler room as the new equipment was started. 
The furnace doors being open at the time, the dust ignited and caused an explosion 
which propagated through a portion of the plant. 

On November 25, 1913, a plant in St. Louis was partially destroyed, the roof 
being blown from the one-story structure, as a result of an employee carrying an 
open lantern into the shavings house. 

An explosion, interesting because so unusual, occurred in 1915 in a wood- 
working plant in the South. Hardwood handles for knives were being polished 
and the dust was drawn away in a dust-collecting system. Sparks from an emery 
wheel more than 15 feet away were drawn into the dust-collecting system and 
an explosion resulted. 

Wausau, Wis. An explosion of dust in a boiler furnace blew the fire hack 
into the shavings vault of a woodworking plant in Wausau, Wis., April 18, 1901. 

Barber, Calif. An explosion of sawdust occurred at Barber, Calif., on August 
6, 1910, wrecking the power house, three of the walls being demolished, and the 
roof blown off. Two men were killed and several persons severely injured.”^ 

Philadelphia, Pa. One person was killed and one injured in an explosion 
which occurred in a woodworking plant in Philadelphia, February 5, 1913. The 
explosion started from aii unknown cause in a mill grinding wood refuse, and 
propagated to the vault. 

Nashua, N. H. A fire and explosion, which seemed to originate in the dust 
room, resulted in several hundred dollars damage to a wood-working plant in 
Nashua, N. H., on June 11, 1913. Walls were cracked and windows blown out. 
It is thought that the fan which blew the dust into the room was such a distance 
away that the troiflile could not have started there, and the most plausible explana- 
tion given seems to be that a piece of oily waste within the dust room became ig- 
nited and fired the dust. 

New Albany, Ind. P'ire caused by an overheated journal was discovei'ed by an 
assistant engineer on the first floor of a woodworking plant in New Albany, Ind., 
August 1, 1913. The accumulation of oil and sawdust on a bearing w^as dripping 

fire or sparks into a pile of sawdust on the floor. When the assistant engineer 

located the small bla5:e he dashed water on the floor with such force that the 

burning sawdust was blown al^out, and a dust explosion followed. 


^Engineering News, vol. 64, p. 189. 
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Camden, N. J. On October 27, 1914, wood dust exploded in the work shop 
of a talking-machine factory in Camden, N. J., but the quick action of the em- 
ployees extinguished the fire which followed before much damage was done. The 
explosion which occurred in the wood shaving collecting system installed in the 
plant, probably was caused by fire from back draft in the pipes. The loss was 
about $6500. 

Portland, Maine. An explosion of wood dust in the loft of a planing mill 
in Portland, Maine, in July, 1915, resulted in the death of one man and partial 
destruction of the plant. The cause of the explosion is not known, but it is probable 
that there was a back fire from the furnace into the dust collecting system. 

Tacoma, Wash. A fire and explosion in a door factory in Tacoma, Wash., 
on July 17, 1917, caused a loss of between $110,000 and $120,000. The fire is be- 
lieved to have started in the cyclone from sparks from the stack or a passing 
engine. Before it could be extinguished an explosion occurred which scattered the 
fire around the interior and over the roof of the plant. 

Chicago, III. Several persons were injured in an explosion in a planing mill 
and box factory in Chicago, 111., on November 8, 1920. The source is supposed 
to have been carbonized and glowing sawdust around a choked shavings feed pipe 
leading to the boiler. Workmen scattered the dust in poking through the pile of 
shavings. The property loss was small, although part of the roof was raised. 

Buffalo, N. Y. No definite cause can be assigned for the. explosion in a 
Buffalo woodworking plant which occurred March 3, 1921, about two hours after 
the mill had shut down for the day. As the automatic sprinklers were destroyed, 
the loss from fire was large — about $75,000. 

MISCELLANEOUS DUSTS. 

A number of explosions have occurred in many industries and, in fact, in 
almost every industry where dust is created in the handling or manufacture of 
products from a material which will burn. Among these are various dry food 
products, wood, cotton, cork, celluloid, spice, soap, fertilizer and sulphur dusts. A 
brief description of some of the more important explosions in these industries 
follows : 


ALUMINUM DUST. 

New Kensington, Pa. On November 5, 1917, a disastrous fire and explosion 
occurred in an aluminum works at New Kensington, Pa. Seven persons were 
killed, fifteen were injured, and a property loss of $175,000 was incurred. One 
explosion of dust or gas occurred when water was turned on burning powder. 
It was followed by a dust explosion a few minutes later in the underground heating 
duct. The fire was believed to have been caused by sparks from a sledge hammer 
falling into fine dust. 

Manitowoc, Wis. Six girls lost their lives and four others were seriously 
injured in an explosion of aluminum dust in a manufacturing plant at Manitowoc, 
Wis., on February 26, 1920. The property loss was slight because the fire which 
followed the explosion was readily extinguished. The explosion occurred in the 
finishing department where a satin finish was put on small aluminum pieces, by 
holding them against a rapidly revolving wire brush. Aluminum dust is created 
in the process and in this plant it was drawn away from the polishers into a 
suction system which discharged into the open air. A heavy piece of steel wire, 
No. 7 B. & S. gauge, fell into the exhaust pipe and got into the fan, striking sparks 
which ignited the dust. The explosion propagated back through the suction system 
and went out into the room, causing the explosion which was so violent that it 
was heard at least two miles from the plant. 

CELLULOID FACTORY. 

Leominster, Mass. — On September 3, 1913, an explosion in a celluloid and 
horn pin factory in New England occurred in a room where hair ornaments were 
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being worked into the desired form on burring and beveling machines. Attached 
to each one of the machines was a suction pipe connected with a dust-collecting 
S 3 'Stem to draw away the dust created by the machines. Apparently a spark from 
one of the machines was drawn into the blower pipe. The tire resulting from the 
explosion was controlled by the sprinkler system. 

COCOA DUST. 

BostoNj Mass. A cocoa dust explosion occurred in a cooling room of a choco- 
late company in Boston, Mass., on March 30, 1914. Ground cocoa was dropped 
through a six-inch pipe from the pulverizers on the floor above and discharged 
into an open hopper back of a Sturtevant blower. It was then blown through 12- 
inch cooling pipes to a system of cjxlone dust collectors, which discharged the 
heavier portions, while the air and lighter dust were led through 12-inch pipes to 
other cyclones and to a small cloth-covered frame dust catcher in the corner of 
the room. It was concluded that the explosion might have been caused by the 
ignition of the cocoa dust in the blower system by sparks struck by foreign material 
passing through the fan. The force of the explosion opened the heavy wooden 
door into the packing room adjoining, partially blew down a wooden partition, 
blew out some of the windows, bent some of the sprinkler pipes and lifted the 
wooden floor above. No damage was done by fire except to the cloth on the dust 
enclosure. 

No definite cause for this explosion could be found, but tinsmiths who were 
working on the spouts are reported to have found a match box. The matches might 
have been ignited as they passed through the fan and caused the explosion. This- 
report could not be verified. Static electricity has also been suggested as a possible 
cause. 

Burlixcton, Vt. The plant of a milk chocolate company in Burlington, Vt.,. 
was completely destroyed April 25, 1918, by a fire that followed a dust explosion in 
which 3 men were killed and 1 injured, and $750,000 worth of property was lost,, 
including 8 carloads of granulated sugar. The company at the time was working 
on a million dollar order for the government. 

A cyclone dust collector, located in the packing room, was enclosed in a dust 
room with cloth covering to catch any dust carried out by the exhaust. It had no 
direct outlet to the open air. This dust collector discharged through a fan to 
another cyclone dust collector located in the basement and incased in a perforated 
metal cylinder with cloth covering to catch escaping dust. This collector also had 
no outlet to the open air. 

In the process of manufacturing the company was feeding small lumps of 
chocolate into a fan that broke it up and blew it through a galvanized pipe into 
the cyclone dust collecter in the dust room. This is the operation that is supposed 
to have caused the explosion. 

As a result of an investigation it was concluded that the ignition of the choco- 
late dust was brought about by a spark made by a loose blade in one of the fans 
striking against the casing, by a piece of metal being blown through the metal 
pipe and striking against the side of it, or by a piece of metal being hit by a Idade 
of the fan while passing through the blower. 

CORK DUST. 

Philadelphia, Pa. An accumulation of cork dust on some pipes in a drier 
caused a flame which ignited the dust and resulted in an explosion in a plant in 
Philadelphia on August 13, 1913. The plant was partially destroyed and a loss 
of nearly $6000 was incurred. 

A second explosion occurred in the same mill on March 27, 1914, caused by 
the ignition of the dust by sparks from foreign material passing through the grind- 
ing rolls. This was not as extensive an explosion as the former one, and resulted 
in only a small loss. 
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Baltimore, Md. An explosion occurred in a cork works in Baltimore, Md., 
on June 29, 1917. Overheated cork from an attrition mill was carried through the 
conveyor into a bin where it ignited the dust, causing the explosion. 

Nicetown, Pa. Seven workmen were seriously injured and a large oilcloth 
and linoleum plant in Nicetown, Philadelphia, Pa., was nearly destroyed on Feb- 
ruary 27, 1918, as the result of a fire and dust explosion. The fire, of unknown 
origin, was carried through spouts to bolting reels on the fourth floor and then 
through other spouts to screw conveyors where it was discovered. It spread rapidly 
but was under control when water was turned on a pile of powdered cork in one 
portion of the plant. As soon as the water struck the cork dust, a cloud was thrown 
into suspension and a serious explosion resulted. 

Philadelphia, Pa. A small fire and explosion occurred in a cork factory in 
Philadelphia, Pa., Feb. 1, 1919. Friction from a broken belt as it wound around 
the shaft caused the fire which exploded the dust. The force of the explosion 
raised the roof. 

COTTON DUST. 

Woonsocket, R. I. A slight explosion or puff occurred in the gauze room of 
a cotton mill in Woonsocket, R. I., on October 24, 1913, blowing the door open and 
sending a blast of fire out over two men who had been feeding the picker. Both 
were fatally burned. A batch of mixed black-dyed wool, 25 per cent cotton waste 
and 75 per cent Egyptian cotton comber waste, was being- passed through the mix- 
ing picker into the gauze room at the time of the explosion. The damage was 
slight, being confined almost entirely to the stock in the gauze room. The cause 
of the explosion was not determined, but the dust may have been ignited by fire 
started in the picker. 

Nashua, N. H. A small fire in the west end of the lint room of a cotton mill 
in Nashua, Nh H., on, January 19, 1914, was immediately followed by a dust ex- 
plosion which vented itself into the east end of the lint room by blowing open a 
latched fire door opening into the basement. It blew out half a sash in the base- 
ment and passed up a stairway to the motor room in the first story where a fixed 
sash and lights of glass in the further end of the room were blown out. Men 
who were cleaning out the lint in the west room nea,rest the discharge of the col- 
lector, as was customary every few days, discovered fire in one of the baskets used 
for removing the lint. 

Cleveland, Ohio. On October 7, 1916, an explosion of cotton dust occurred 
in a mill in Cleveland, Ohio, in which cotton and wool fabrics were reclaimed. In 
the process considerable dust is produced which is disposed of by means of a fan 
blowing it into a separator. The explosion, which was not serious, originated in the 
interior of the separator, and was caused by sparks struck by foreign material 
passing through the fan. No one w^as injured and the plant was only slightly 
damaged. 

FERTILIZER PLANT. 

Chicago, III. The loss from an explosion which occurred in a fertilizer plant 
at Chicago, Illinois, on January 4, 1916, was small because of the fact that no fire 
followed. 

The chief process carried on at this plant was the pulverizing of various grades 
of dried tankage of different chemical analyses, and the blending of them into a 
finished fertilizer. The handling of the kiln-dried tankage which contained only 
such moisture as it absorbed from the atmosphere in being shoveled from one pile 
to another on the open floor or in being wheeled in small dump carts, caused the 
air to be so laden with dust at all times that the workmen were compelled to wear 
protectors over their faces. The greater portion of this dust was from the pulver- 
izers or mechanical shakers which were entirely exposed. 

It was impossible to locate exactly the seat of the explosion or to assign a 
cause, although it is believed that a spark struck by an iron bucket in one of 
the elevator trunks, ignited the dust there. 
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POWDERED MILK. 

Anoka, Minn. A lire and two explosions occurred in a powdered milk factory 
at Anoka, Minn., on July 10, 1918. The plant had been shut down but a few mo- 
ments and it was supposed that everything was in good order. Suddenly a small 
explosion occurred. This was followed by another and more violent explosion, 
and by lire which destroyed the plant, causing a loss of $30,000. The origin' of the 
explosion has not been determined, but there is a possibility of its having started 
from milk dust in the drying chamber. 

PHONOGRAPH RECORD DUST. ’ 

Bridgeport, Conn. Explosions and fires occurred in a graphophone plant in 
Bridgeport, Conn., on March 27, 1917, and March 6, 1918, in which one man was 
badly burned. _ The loss was small. Both of these explosions were caused by for- 
eign material in the grinders. The release vents worked satisfactorily in the first 
case and in the second they so modilied the effects that but one of the machines 
was damaged. On Jan. 8, 1919, in another graphophone factory in the same city 
an explosion in the grinding machine resulted in slight loss. 

West Orange, N. J. It was thought that pieces of metal in one of the Fuller 
mills used for grinding phonograph records caused the explosion and flames which 
occurred in a phonograph works in West Orange, N. J., May 11, 1917. The loss 
was $35,000. 

RUBBER FACTORY. 

Danversport, Mass. On January 6, 1914,^ an explosion occurred in the grind- 
ing mill of a rubber reclaiming factory in Massachusetts. The building was of 
frame construction, open on one side. The steel rollers were located about mid- 
way between the top and bottom of the mill. The fine dust created by the process 
of grinding ascended to the hood of the mill where a blower system carried it 
through metal ducts to a frame bin nearby. The ground rubber dropped to the 
bottom of the mill. 

The lire was said to have started when a spark from a piece of steel in the 
rubber stock ignited the fine dust in the hood of the mill. A small dust explosion 
followed and the frame mill, with a considerable quantity of ground rubber in 
the bottom, took fire. 

Muskegon, Mich. On August 18, 1920, 8 men lost their lives and one was 
seriously injured in an explosion of rubber dust in a rubber recovery plant in 
Muskegon, Mich. Property was damaged to the extent of about $25,000. In the 
process of recovery, scrap rubber was first broken up into small pieces and then 
pressed between steam-heated rolls before being ground. Large quantities of fine 
•dust were produced. The explosion is supposed to have started in this grinding, 
but all the evidence which would prove the exact point of origin was destroyed. 
It is presumed that the explosion started either from foreign material in the 
grinding machines or possibly from an ignition of the dust by a lighted match 
or the breaking of an electric light bulb. 

SHODDY MILL. 

Cleveland, Ohio. An explosion occurred in a shoddy mill in Cleveland, Ohio, 
February 27, 1910, in which three persons were injured. The cause assigned was 
that sparks were struck by a workman’s hoe on the brick in the dust vault while 
it was being cleaned. The vault and the cyclone collector on it were completely 
■destroyed. 

Cleveland, Ohio. An explosion occurred in the cyclone collector of a woolen 
shoddy mill in Cleveland, Ohio, March 18, 1910. It was followed by a fire which, 
passing through the vent pipes, caused a second explosion. 



iFrom N. F. P. A. Fire Record Data. 
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SOAP FACTORY. 

Providence, R. I. An explosion of soapine dust occurred in a soap works 
in Providence, R. I., on August 4, 1890,^ in which 2 men were killed, 9 were in- 
jured, and the property was badly damaged. The company was engaged in the 
manufacture of high-grade soap and soapine, which was composed of a good 
quality of soap mixed with either soda or soda crystals. The mixture was dried, 
ground, and put into packages for domestic purposes. For years the mixture had 
been ground in a small room lighted by an open gas burner, which was exposed 
to the clouds of dust that arose from the open grinding mills. It was found that 
during the grinding operations the dust that came from the grinding mills 
in such quantity at certain times as to extinguish the gas jet was nearly pure soap, 
as fine as flour, and very dry. With testing equipment similar to that used by 
Professor L. W. Peck following the Minneapolis explosion,^ Professor S. F. 
Peckham found that graham flour, wheat flour, starch, powdered sugar, rice flour, 
coal dust, planing mill dust, furniture dust, powdered asphaltum and all similar 
substances could be exploded with the greatest ease. When the conditions under 
which soap dust would explode were determined, it was shown that greater explosive 
force and more intense heat can be produced from the explosion of soap dust 
than from any manufactured wheat product. It was therefore concluded that 
the explosion was produced by the ignition of the mixture of soap dust and 
air in the proper proportions, from the open gas jet. 

SPICE AND SHELLAC FACTORY. 

Newark, N. J. On January 29, 1915, an explosion of shellac dust occurred 
in a New Jersey spice and shellac grinding factory. The products were being 
ground in an attrition mill. The cause of the explosion was attributed to the 
fact that metal or foreign material entered the grinding machine and pro- 
duced sparks that ignited the dust cloud which was present. The fire, starting 
from a mild explosion in the attrition mill, was followed by a severe flash of fire. 
Shellac is a resinous gum and is very inflammable in a finely powdered form. 

SPICE DUST. 

Cincinnati, Ohio. During the progress, of a fire in a tea and spice mill in 
Cincinnati, Ohio, on January 17, 1920, there was an explosion which blew out a 
portion of the walls of the building. Four firemen were killed and 13 other per- 
sons were injured. The explosion is supposed to have occurred when a falling 
floor threw into suspension a quantity of ground spices which was in open con- 
tainers. The total loss was estimated at $150,000. 

SULPHUR DUST. 

Toronto, Canada. An explosion occurred in April, 1911, in the elevator of 
a chemical plant in Toronto, Canada, which was used to lift powdered sulphur. 
The legs and head of the elevator were made .of wood, the other parts of metal. 
The explosion was thought to have been caused by frictional electricity. It blew 
off the cover boards and leg and set fire to the sulphur. Since the elevator has 
been lined with sheet metal and carefully grounded no ignitions or explosions have 
been experienced. The loss was about $500. 

New York City. On November 25, 1912, an explosion of sulphur dust 
occurred in a grain elevator in New York, used for the storage of raw sulphur. 
The sulphur was unloaded into the hoppers at the ends of the elevator, raised by 
the conveyors and dumped into the top of the bins in much the same way as the 
grain was handled in former units. At the time of the explosion and fire two 
bins only were used, containing about 175 tons of sulphur. 

The explosion lifted the roof of the elevator partly off. It settled back in 
position and for a few seconds conditions seemed normal. Then the elevator 


1 Chemical Engineer, May, 1908, vol. 7, No. 5, pp. 195-6. 

2 Chemical Engineer, March, 1908, vol. 7, No. 3. 
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was enveloped in a mass of flames. When the conveyor machinery was in operation, 
there was considerable dust in the air, and the interior of the elevator was prob- 
ably covered with it. The evidence shows that the conveyor system was in operation 
but became deranged in some way, causing a large quantity of sulphur to fall to- 
the second floor just prior to the first explosion. It is probable that the sulphur 
dust was ignited by the striking, of sparks by the iron elevator buckets or by some- 
other parts connected with the operation of the machinery. Fifteen persons were 
injured, ten by burns and the other five by flying or falling debris at the time of 
the explosion. 

Boston, Mass. Two men were slightly burned but the loss was small in an. 
explosion which occurred in a rubber factory in Boston, Mass., on Feb. 6, 1913. 
The men were pouring a barrel of flowers of sulphur over a sieve which was 
enclosed^ in a wooden box, when a flash and slight explosion occurred. The ex- 
plosion is supposed to have been caused by the ignition of the sulphur dust by 
static electricity as the weather conditions, cold and dry, were favorable for its- 
generation. 

Hartford, Conn. Fire, followed by an explosion, broke out in the sulphur 
conveyor and sifter on the top floor of a rubber wmrks in Hartford, Conn., on 
Feb. 23, 1914. Two wooden covers were blown from the sides of the sifter. 
Similar fires followed by less violent explosions had occurred in the same machines- 
two weeks previously. It is believed that they were caused by sparks of static 
electricity or mechanical sparks in the sifter or conveyor. 

Toledo, Ohio. A dust explosion occurred December 16, 1921, in an insecticide 
plant manufacturing lime-sulphur. It was confined to the filter bag dust collector 
and the duct connecting the dust collector and the exhaust fan, also the duct from, 
the exhaust fan to the ventilator on the roof of the building. This explosion was 
caused by a discharge of static electricity from the filter bag to the shell or 
hopper of the collector. An investigation after this explosion show^ed, under 
certain conditions, a difference of potential of 30,000 volts on the filter bags. 
Proper grounding removed this hazard. 

Louisville, Ky. Six men were seriously injured in a sulphur dust explosion 
which occurred March 12, 1922, in Louisville, Ky. At the time of the explosion, 
sulphur was being separated and collected in the filter bag type and cyclone dust 
collectors. It is believed that this explosion was caused by one end of the 
screw conveyor underneath the filter type dust collector becoming loose and rub- 
bing on the jacket, causing sparks which ignited the sulphur dust. Considerable- 
damage was done to the plant. 


BARK DUST. 

Michigan. Explosion of bark in a tannery and extract company in Michigan, 
on August 29, 1916, resulted in a loss of $800,000. The friction created in grinding 
the bark ignited the dust particles which were of such a nature that the fire spread 
almost instantaneously throughout the building. 

EXPLOSIONS IN EUROPEAN COUNTRIES.^ 

The earliest work done in the attempt to determine the causes and develop 
means of prevention of dust explosions was carried out in .European countries, 
more particularly as a result of explosions in coal mines. However, the factories 
of European countries in general and more particularly^ those of England and 
France have sustained losses in several severe dust explosions. As has been noted 
in the first chapter, investigations have been made as a result of these explosions 
to ascertain the hazards of dusts in various industries. Explosions have not 
occurred in the other countries, largely because of the fact that they are not doing 
much manufacturing and most of the plants are of limited capacity. Many small 


iThe authors are indebted to the Consular Service of the State Department of the United! 
States Government for much of the material regarding: explosions m European countries. 
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explosions have occurred in European countries, but these will not be included 
in the brief resume which follows. 

BRITISH ISLES. 

Glasgow, Scotland. As early as July 9, 1872^ a violent explosion occurred 
at the Tradeston Flour Mills, near Glasgow, Scotland, in which 18 persons were 
killed, 16 injured, and the property damaged to the extent of about $350,000. The 
explosion was investigated by Messrs. Rankin and MacAdam, who gave out the 
following statement : “The origin of the explosion was traced to the striking of hre 
by a pair of millstones through the stopping of the feed, and the consequent friction 
of their bare surfaces against each other. The flame thus produced was quickly 
communicated to the mixture of dust and air filling the conduits connected with the 
exhaust box; this being the common receptacle into which the mixture of dust and 
air is drawn by an exhaust fan through the conduit communicating with the several 
mills. From the exhaust box, a portion of the suspended flour dust passed in the 
Tradeston, as in other flour mills, to another room called the stive room where a 
further quantity of the flour would deposit.” 

A surviving workman stated he carried a lamp, so it may be concluded that 
open lights were used without being regarded as dangerous. 

Macclesfield and Rochd.ale, England. On September 14, 1S8F, an explosion 
occurred at the mill of Fitton & Son, Macclesfield, Cheshire. The report of the 
investigation states that the cause was traced to the use of very dry grain and the 
accidental stoppage of the feed. It is also reported that in February, 1882, an 
explosion occurred at Rochdale, in the exhaust (dust) room through the stones 
striking fire. In the fire following, the plant was damaged to the extent of about 
$130,000. 


MAGNESIUM PULVERIZING PLANT. 

Great Britain. An unusual catastrophe was reported in 1911, in a mill w'here 
one of the processes carried on was the grinding of magnesium. After a visit 
by the inspector, notice was served requiring the installation of an exhaust system 
to prevent the diffusion of the dust. On a subsequent visit the occupant of the mill 
stated he had not complied, as he preferred to give up the process. For some 
reason, however, he did, in fact, grind the substance again and during a heavy 
thunderstorm the dust was ignited by lightning. During the progress of the fire, 
there were repeated explosions of such volume that it was assumed the boilers 
had burst. It is stated that the magnesium dust instantly diffused and fired through - 
out the factory, so that the workers hardly had time to escape, and also that the 
water thrown on the magnesium made matters worse. 

PROVENDER OR FEED MILL. 

Glasgow, Scotland. On November 10, 1911“, an explosion occurred in the 
provender or feed mill of William Primrose & Sons, Ltd., Glasgow, in which five 
persons (including three children) were killed and eight persons were injured. 
Investigations by a government inspector led to the conclusion that the direct 
cause of the explosion was the dust which had accumulated on an overhead beam 
becoming dislodged and falling upon the open flame of a Bunsen burner. Peas, 
beans, and wheat were being ground at this mill, and at the time of the explosion 
all the millstones except those used for grinding wheat were running. The ex- 
plosion occurred about 6:30 in the evening when work was being carried on by 
artificial light. The plant was lighted by naked gas jets and two of these were 


1 Supp. J. Soc. Chem. Ind. Jan. 31, 1906, vol. 25, No. 2, p. 54. “Flour Mill Explosions 
and Dangerous Dusts.” Watson Smith. 

-Reports of H. M. Inspectors of Factories on the circumstances attending explosions which 
occurred at the works of Messrs. William Primrose & Sons, Limited, Centre Street, Glasgow, 
on November 10, 1911, and at the works of Messrs. J. Bibby & Sons, Formby Street, Liverpool 
on November 24, 1911, published in 1912. 
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located on the first floor where the explosion originated. The cause of the ex- 
plosion, however, was assigned by the inspector to a portable gas burner, used 
by the millers for dressing the millstones, being placed in a spot where dust could 
have fallen on it. 

SEED CRUSHIN'G MILL. 

Liverpool, England. The most serious dust explosion reported from England 
occurred in the plant of J. Bibby & Sons, Formby Street, Liverpool, on November 
24, 1911b Thirty-nine persons lost their lives and 101 others were injured. In the 
investigation conducted by a government inspector it was concluded that the ex- 
plosion originated in the basement of the plant about 10 feet below the street 
level, where 6 large disintegrators were grinding oil cake, locust beans and other 
materials. The inspector reached the following conclusion as to the cause of this 
disaster : 'The explosion was, in my opinion, a result of the ignition of a dense 
cloud of dust produced by the breaking of the driving belt of the ‘street end 
dressing machine’ disintegrator in No. 1 floor of block 18 (basement). The dis- 
integrator belts were 6 inches wide, they ran at a speed of 5000 feet per minute, 
and the workmen say that when they broke they caused a cloud of dust ‘like a fog’ 
for a minute or two, due to the dislodging of accumulations of dust on the girders, 
machinery and plant. 

“The definite source of the dust was not determined, but in experimental work 
conducted with samples of dust collected from wall ledges and overhead pipes it 
was found that an explosion of a dense cloud of such dust could be caused by 
(1) the ignition of a match, (2) contact with a naked gas flame, (3) the flash 
caused by the fusing of an electric wire, (4) sparks produced by breaking circuit 
of an electro-magnet wire, or to the bursting of the uncovered fuse on the tem- 
porary switchboard, at the very moment when a dense cloud was formed by the 
breaking of the disintegrator belt.” 

Aberdeen, Scotland. In December, 1911, a slight dust explosion occurred in 
a large dust-collecting house 'of a cattle feed works at Aberdeen, Scotland, in which 
oat husks were being ground. In this case only one man was injured. A large 
window, originally fixed in the dust house to take the force of any explosion, 
probably saved the building from being wrecked and automatic sprinklers prevented 
the spread of fire from the dust house to the mill. The millstones were faced 
with emery and set very close to each other. The explosion was considered to be 
a result of ignition of the dust in the dust house by sparks from a piece of metal 
between the stones. No naked lights were used on the premises. 

DEXTRINE PLANT. 

Manchester, England. An explosion in which eight men were injured, three 
of whom died subsequently, occurred at the works of Laing, Son & Co., Holt Town, 
Manchester, on March 11, 1913 l A previous explosion occurred at the plant on 
March 21, 1911, the circumstances surrounding each explosion appearing somewhat 
similar. In the first explosion, three men were killed and five were seriously 
injured, and extensive damage was done to property. 

The company manufactured dextrine (British gum). Starch, flour, and small 
quantities of hydrochloric and nitric acids were the only substances used. The 
investigations conducted by the inspectors indicate that the explosions in both cases 
originated in the same manner, and it was decided that an ignition of dust was 
produced inside the casing of the fan which was forcing the hot air to the drying 
stoves located in the end of the plant. 

The inspector states that there were “two means of ignition in the engine 
house, viz.: (1) an open gas-jet, 3^ feet behind the center line of the engine crank 


1 Reports by H. M. Inspectors of Factories on the circum.stances attending explosions which 
occurred at the works of Messrs. William Primrose & Sons, Limited, Centre Street, Glasgow, 
on November 10, 1911, and at the works of Messrs. J. Bibby & Sons, Formby Street, Liverpool, 
on November 24, 1911, published 1912. 

- Report on the circumstances attending an explosion which occurred at the works of Messrs. 
J. Laing, Son & Co., Holt Town, Manchester, on March 11, 1913, by John Jackson, H. M. Super- 
intending Inspector of Factories. 
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‘ about two feet below, but on one side of the beams stipporting the fan, 

< nc { 2 ) the ignition tube of the engine itself. It was stated in evidence at the 
3 Uuest that the gas engine had been 'knocking’ a short time before the explosion 
^♦cctiired; this ‘knocking’ or back firing would shake the engine house and tend 
ciislodge any dust accumulations. It was thought that ignition of the dust in 
t <^asing occurred as follows: Some accumulation of dust was dislodged, 

pt ubably from the beam supporting the fan and, falling into the gas light below,. 
^Vcis Ignited ; the flame was then drawn into the fan casing either through the 
openmg-s^ in that duct which was badly fitted at its junction with the casing of 
the fan.’^ Continuing, the inspector concludes: “I have therefore come to the 
conclusion that the initial cause of the explosion was a fire in the fan casing, set 
Dp in the manner described. This flame was driven along the hot-air duct setting 
Dp an explosion w^ave within the duct, which finally exploded the contents of the 
stoves on the south side of the front cellar, either by firing directly the dust at the 
hottorn of ^the stoves or by causing the evolution of inflammable gases (by de- 
structive distillation of the dust on the trays and racks) which were fired by the 
ihime and immediately propagated an inflammation.” A series of seven samples of 
material in process of manufacture (including one of the flour in the stoves) as 
well as dust from the grinders was collected and tested by Dr. R. V. Wheeler, 
and it was found that “all these samples are obviously of a highly inflammable 
nature and, when present as a cloud in air, are capable of propagating flame 
rapidly.” 

As a result of this investigation the two following recommendations were made : 

1. Gas engines, oil engines, gas producer plants and steam boilers should 
not be t>l3-ced in rooms or parts of the premises which communicate directly with 
rooms where inflammable dusts are liable to be generated. 

2. Exhaust and plenum fans used in connection with places where inflammable 
dusts are liable to be generated should be kept thoroughly clean and free from 
accumulations of dust and oil to prevent the possibility of a hot bearing firing such 
an accumulation, and so causing an explosion. 

SHODDY DUST. 

OssETT, Y"ork, England. Two explosions of shoddy dust are reported to 
^have occurred in a rag carbonizing plant at Ossett, June 2, 1913. 

In the first explosion which occurred in one of the carbonizing machines when 
the doors were opened while it was revolving, 3 men were severely burned. The 
ignition of the dust cloud in the machine was probably due to friction of a match 
in a pocket. The second explosion in which one man was slightly burned, occurred 
in a rag shaker. In this case the attendant had neglected to remove an accumulation 
of dust which was below the shaker, 

MALT DUST. 

Selford, England. On June 19, 1913, one man was slightly burned when malt 
dust exploded in a brewery at Selford. After passing through a mill the crushed 
malt dropped into a hopper or bin. In order to examine this hopper a portable 
gas jet was introduced and the ignition of dust occurred. 

CORK DUST. 

Lancaster, England. Three men were slightly burned in an explosion of 
cork dust at a linoleum factory in Lancaster, June 24, 1913. The cork used in 
the manufacturing process was ground in a mill and then passed into an elevator. 
For some reason a small ball of cork formed within the grinding mill and finally 
Imrst into flame. The explosion occurred when this flame reached the elevator 
where dust was in suspension. 

COAL DUST. 

Manchester, England. An explosion of coal dust occurred at a plant man- 
ufacturing oil cake in Manchester, June 24, 1913. During the shoveling of pul- 
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'verized coal from a duct leading to the furnace of the boiler considerable dust 
was thrown into suspension. The cover forming the top of the duct was cracked 
and a spark or hot cinder from the boiler flue is supposed to have entered the duct 
•and ignited the dust cloud. Two men were burned in this explosion. 

Mitcheldean, England. On September 8, 1913, an explosion of coal dust 
occurred at a cement plant at Mitcheldean. Coal was being pulverized for use at 
the plant and the explosion occurred when fine dust was ignited by sparks from a 
rotary kiln. One man was severely burned in this explosion. 

DISTILLERY MEAL. 

Liverpoool, England. An explosion of distillery meal occurred during the 
manufacture of oil cake at a plant in Liverpool, September 5, 1913. Two men 
were burned when dust in one of the elevators was ignited, either by friction of 
the elevator buckets against the side casing, or by a spark produced when the 
buckets struck a stone or other foreign material entering the elevator with the 
•meal. 


COPAL GUM. 

Wandsworth, England. An explosion occurred November 21, 1913, at a plant 
:in Wandsworth where gramophone records were being manufactured. Copal gum 
was used in the process and the material was ground in a disintegrator. The 
•original ignition of dust occurred in this machine and is supposed to have been 
caused by a piece of stone, metal or other foreign material entering the machine. 
The flames propagated from the machine and an explosion occurred when they 
reached the dust-collecting balloon attached to the machine. One man was severely 
burned and 3 slightly injured in this explosion. 

FRANCE. 

There have been dust explosions in various factories and milling plants in 
France for many years. Some of these were violent in nature and caused the loss 
•of several lives and considerable damage to property, while others were not ex- 
ceptionally destructive. These dust explosions and fires occurred in flour mills, 
confectionery factories, bakeries, aluminum factories and similar plants where dust 
"Was produced during the operating process. 

A number of the explosions and fires were caused by the introduction of open 
■flames, especially lanterns, into dusty atmospheres. The explosions and fires in 
flour mills were assigned to several causes, chief of which were the following: 
(1) Heated bearing in rye cleaning room; (2) bolting room approached with 
ordinary lantern; (3) winnowing machine became overheated; (4^) workmen clean- 
ing dust room with open flame lamp; (5) dust room lighted with lantern having 
-a broken globe ; (6) lower part of elevator being cleaned and a sudden fall of 
dust ignited by naked candle used for light; and (7) use of open gas jets. Several 
•explosions in aluminum powder factories have been reported in which some of 
the workmen "were killed and others injured and also a number of explosions 
•in bakeries as a result of ignition of dust by gas jets. 

PAPER MILL. 

Tourcoing, France. An explosion of paper dust occurred in a paper cylinder 
factory at Tourcoing, France, on May 31, 1913\ Two workmen lost their lives. 
Paper tubes, such as are used in cotton mills and weaving mills were manufactured 
•at this plant. In order to facilitate the gluing of the cylinders the borders of the 
thick papers were sharpened by grinding. The dust produced in this process was 
■carried from the machine by suction to a brick building which served as a dust 
■chamber. 

On the afternoon of the explosion the usual weekly cleaning of the dust 
•chamber was being done, the workmen using ordinary lanterns filled with rape-seed 


^ Rauch unci Staub, Feb. 1914. ■ Jahrb. 4, No. 5. 



232 


DUST EXPLOSIONS. 


oil. After about 3 hours the work was interrupted for a short time. One work- 
man returned and entered the chamber with his lantern while another climbed upon 
the roof to remove the dust from the chimney filters. Suddenly there was a 
violent explosion which killed the two workmen and wrecked the work chamber. 
The lantern used by the worker was found in the chamber afterwards with two 
panes broken. There seems no other possible cause for this explosion than the 
ignition of the dust by the flame of the lantern. 

In comparative tests of paper dust and coal dust at the Lievin, France, experi- 
ment station, it was found that the inflammability of the paper dust is somewhat 
smaller, but of the same order of magnitude as that of pure Lievin coal (30 per 
cent of volatile matter and 7 to 8 per cent of ash screened, through a 200-niesh 
sieve). 

CEREAL MILL. 

CoRBEiL, France. In 1892, an explosion occurred in a cereal mill in Corbeil, 
France, resulting in the death of four workmenh The explosion happened during 
the cleaning of a dust chamber, wherein was collected the dust arising during the 
cleaning of cereals. An eye witness (workman) described the origin of the ex- 
plosion as follows: “All of a sudden I saw a few little flames issuing from the 
lantern suspended from the wall and playing lightly over the wall. The little flames 
gradually increased in extent. I tried to extinguish the fire which caught the 
dust adhering to the wall, but I could not master it ; in an instant the wall was 
all covered with flames, then the ceiling, and then the explosion occurred.” 

CONFECTIONERY FACTORY. 

Angers, France. An explosion occurred in the drying room of a confectionery 
factory at Angers on July 6, 1904‘, in. which 1 person was killed and 3 injured 
seriously. It is stated that a workman dropped some “plaquettes” of gum rolled 
in starch on a heating pipe of a red-hot stove, which caused an ignition of the 
starch dust and an explosion followed. 

SUGAR REFINERY. 

Paris, France. An explosion is reported as occurring in a sugar refinery in 
Paris on May 22, 1908^ in which 3 persons were killed and 49 injured. The ex- 
plosion seems to have occurred in the bolting room situated on the ground floor 
of a building whose upper floors were devoted to crushing rooms. The possible 
causes suggested were sparks from uncovered (exposed) dynamo brushes in the 
bolting room, or a smoker’s carelessness. 

GARANCINE FACTORY. 

SoRGUES (Vaucluse), France. a violent explosion occurred in a garancine 
factory in Sorgues (Vaucluse) November 13, 1878^ in which six workmen were 
killed. In order to get a product of desired quality the garancine, obtained by 
the action of sulphuric acid on garance (madder root) had been pulverized and 
the different lots had been mixed with a shovel in a special room, which became 
filled with very fine and explosive dust. It was forbidden to enter with fire, and 
when artificial light was needed the lanterns were left in a nearby chamber com- 
municating with the mixing room. 

The first shift had finished at about 5:45 in the morning and a second one 
came to take its place in the mixing room, the first shift leaving the lantern near 
the door. On proceeding with the mixing a workman with a shovelful of garan- 
cine came near the lantern, breaking a pane of glass. A violent explosion occurred. 
The workmen tried to escape into an adjoining room, closed only by a curtain, 
but the curtain took fire and they themselves were covered with burning dust and 


^ Rauch und Straub, Feb. 1914. Jahrb. 4, No. 5. 

-Rapports du Service de ITnspecteur du Travail (Reports of Labor Inspector Service). 
Taken from abstract of Dust Explosions furnished by the Labor Inspector Service to American 
Consul Burnell, Rouen. France, Sept. 7, 1915. 

3 Rapport de M. I’ingenieur des mines Lacchat, Communique par M. Villot a tine reunion 
de la Societe. (Comptes-rendus mensuels de la Societe de ITndustrie Minerale. 1878, p. 245. 
Consular Report, Consul Burnell, Rouen, France, Sept. 7, 1915.) 
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lost their lives. The report of the explosion states further: “Under the circum- 
stances no inflammable gas could serve as a medium of inflammation and the com- 
parison of the dust and gas with the powder and percussion cap of a cartridge could 
not be admitted. As a consequence it must be conceded that in this case the 
thinness and abundance of dust were sufficient with the contact of the flame to 
cause the explosion. It is to be observed that garancine drying rooms are very large 
and have a capacity of some hundreds of cubic meters. It may be admitted that 
the dust of garancine dried in a drying room, all other circumstances being equals 
is more inflammable than that of coal.” 


OTHER EUROPEAN COUNTRIES. 

Reports of explosions received from other European countries are not as com- 
plete as those from France and England. The most important explosion reported 
from Germany from dust in a dextrine factory, probably was caused by a short 
circuit. Others were several aluminum powder factory explosions ; some explosions 
in the Bremen district, presumed to have been caused by hot bearings ; and an 
explosion of dust from cleaning machinery in a large mill in the Rhine district. It 
is reported that in recent years a mill at Bakes Csaba, Hungary, was destroyed by 
Are, the origin of which is attributed to a ^‘dust explosion caused by friction of the 
iron parts of the machinery.” Reports from Switzerland state that in 1898 the 
lirst flour explosion for a decade took place. A machinist left a lighted candle and 
went up to the top floor, through the cracks of which flour and dust fell and became 
distributed through the air of the room. The result was a sudden explosion in 
which the man was seriously injured. In 1902 a dust explosion took place when 
a lighted lantern was put into a flour bin. The bin was destroyed, part of the roof 
was blown off and the workman was seriously burned. 

Reports state that prior to 1878 an explosion occurred in a mill in Budapest, 

Hungary. The workmen were mixing some line varieties of flour (the door of 

the mixing room being left open) when the thick cloud of dust became ignited from 
an open light. A similar explosion is reported as having taken place at Friedeck. 

It is reported that a mill in the vicinity of Palermo, Italy, experienced an 

explosion about 1895. It is said to have been caused by the “lighter dust coming 
in contact with an overheated valve.” Explosions of cork dust are reported from 
the cork plants at Seville, Spain. In the Netherlands a Safety Decree was issued 
June 27, 1913, including rules for the prevention of dust explosions, prohibiting 
the use of open flames and making special provisions for electrical installations. 

Complete details have not been received, but available information is to the 
effect that two explosions occurred in sugar factories in the Rhenish Palatinate, 
one in February, 1916, the other in May, 1917. In these explosions 7 workmen 
were killed, several were more or less seriously injured, and the plants were par- 
tially destroyed. In an investigation wffiich followed no definite causes for the 
explosions w^ere established. 

In the past ten years, 1911-1921, there have occurred in Austria 10 noteworthy 
dust explosions in industrial enterprises. In one of these 3 workmen were killed 
and in each of three others 1 workman was injured. In the other 6 explosions no 
material damage was done. In regard to the details of the explosions mentioned, 
the Austrian Ministry for Social Welfare (Bureau of Supervision of Industrial 
Enterprises), has given the following information: 

A coal dust explosion took place in the boiler-room of a cement factory during 
the sweeping of the room. One workman was severely injurecl. 

As a result of the explosive ignition of flax dust in the kiln of a flax fiber- 
weaving mill 3 workmen were burned to death. In order to prevent such accidents 
in the future, the Ixjard of inspectors ordered that the flax kiln should not be 
left unw^atched until the main pipe of the heating apparatus should have completely 
cooled off. 

A fire explosion caused by the spontaneous ignition of aluminum dust took 
place in a factory making bronze coloring material, wffiite metal articles and 
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Christmas tree ornaments. The whole factory was destroyed. In this case the 
'damage was confined to property. 

Four dust explosions occurred in textile mills. In tw^o cases (factories for 
woven goods) sparks from unprotected electric motors set fire to the raw woolen 
shreds. The motors were accordingly removed from the rooms. In another woolen 
factory an explosion of the dust collected in a fireproof drying and carbonizing 
room occurred when the room was opened. In the fourth textile mill the coal 
dust collected in a cleaning machine for carbonized rags caught fire and exploded 
during the operation of the machine. No workmen were injured in any of these 
explosions. 

In the case of a flour mill a violent explosion occurred in the course of clean- 
ing out the supply chests of a flour-mixing machine. In addition to considerable 
material damage, one workman was severely burned. In all probability this ex- 
plosion was caused by the fact that, contrary to regulations, the supply room was 
lighted with an open-flame lamp instead of with a closed safety lamp. 

Sugar refineries were the scene of two sugar dust explosions, in one of which 
a workman was badly injured. These explosions were ascribed to the formation 
of sparks in the transmitting channels owing to a slight mixture of particles of 
iron. To prevent such accidents in the future, measures have been taken to prevent 
any particles of iron from penetrating into the parts of the mill where sugar 
dust is liable to collect. 

CzEGLED, Hungary. The only explosion which has occurred in Hungary in 
recent years took place in a flour mill when an electric bulb broke in a flour bin. 

Kuopio, Finland. According to information from the American consul at 
Helsingfors, Finland, the only dust explosion which has occurred in that country 
was in the grain elevator of a five-story wooden warehouse. It was thought to 
have been caused by friction between some belting and neighboring wooden parts, 
producing sparks which set the dust afire. The fire developed rapidly in the 
warehouse, which was filled with dust, and completely destroyed the building. 
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TABLE XXV. 





PLANT DUST 

EXPLOSIONS IN THE UNITED STATES ANE 

CANADA. 




Number 

Number 



Location. 

Date. Supposed cause. 

killed. 

injured. 

Damage. 

!■' 


Flour Mills. 





Milwaukee, Wis 

1860 Lantern 


1 

Partial 

1 

Mascoutah, 111 

1864 Lamp 

— 

1 

Complete 

‘! 

Jordan, Minn 

1875 Unknown 

— 

— 

Complete 


Evansville, Ind 

April 2, 1875 Lamp 

— 

— 

Complete 


Rochester, N. Y 

1877 Open lantern 

— 

— 

Partial 

fi- 

Baldwin, Wis 

1878 Open lantern 

— 

1 

Partial 


Des Moines, Iowa 

1878 Unknown 

— 

— 

Partial 


Minneapolis, Minn 

May 2, 1878 Sparks from grinding stones. 

18 

— 

S800 ,000 


St. Louis, Mo 

.Aug. — , 1881 Lightning 

— 

— 

Complete 

1 




2 



Chicago, 111 

1885 Lantern 

— 

1 

Slight 

f 

Council Bluffs, Iowa 

Oct. 17, 1887 Open lanterns 

— 

— 

Partial 

'ff 

Cleveland, Ohio 

Sept. — , 1888 Lantern 

2 

12 

Complete 

I* , 

Litchfield, 111 

Mar. 21, 1893 Ignition of dust by flames 

1 

— 

$500 ,000 

1 . 


from fire. 





' Boone, Iowa 

Sept. 18, 1899 Lantern 

— 

Several 

Partial 


Arkansas City, Kans 

June 17, 1903 Unknown 

1 

1 

$150,000 


Niagara Falls, N. Y 

June 21, 1906 Ignition of dust in bin 

— 

— 

Partial 


New York. N. Y 

July 6, 1909 Spark in screw conveyor.. . . 

— 

— 

Partial 


Portland, Ore 

Sept. 16, 1909 Sparks from nail in grinding 

— 

— 

$300,000 

!■ 


rolls. 




i 

Elkhart, Ind 

Oct. 21, 1909 Unknown 

— 

— 

$50,000 

I. 

Arendtsville, Pa 

Sept. 13, 1913 Foreign material in scourer. 

— 

— 

$16 ,000 

1’ 

Leavenworth, Kans 

Nov. 1, 1913 Sparks in feed grinding 

— 

— 

Slight 

1 


machine. 





Long Island City, N. Y. 

Nov. 21, 1913 Sparks in conveyor 

— 

— 

Complete 


(Macaroni works) . 





ft 

Beatrice, Neb 

Sept, 22, 1914 Match 

— 

1 

Partial 


Ypsilanti, Mich 

Dec. 4, 1914 Unknown 

— 

— 

$25 ,000 

ii 

Newark, Del 

Oct. 5, 1916 Unknown . 

— 

— 

Nearly comp. 

ft ' 

American Falls, Idaho .... 

May — , 1917 Unknown 

— 

— 

$60 ,000 

1 

Benton, Pa 

Feb. 21, 1918 Unknown 

— 

2 

$45 ,000 

f 

Fort Valley, Ga 

Mar. — , 1918 Lighted pipe 

— 

— 

Very limited 

1 

New Prague, Minn 

April 7, 1918 Sparks in rolls 

— 

— 

Partial 

1 

Cheney, Wash 

April 14, 1918 Open torch 

— 

— 

$300 ,000 


Winterville, Ga 

Mar. 10, 1919 Unknown 

— 

— 

Complete 

ij 

Memphis, Tenn 

Oct. 13, 1919 Unknown 

— 

— 

Partial 

1* 

Boissevain, Man,, Canada. 

Dec. 6, 1919 Match 

— 

— 

S6 ,000 

1 

Denver, Colo 

Jan. 20, 1920 Sparks in exhaust fan 

— 

— 

$100,000 

1 

Kansas City, Mo 

Mar. 15, 1922 Spark in rolls 

— 

— 

$5,000 



Elevators 





Toledo, Ohio 

Sept. 20, 1898 Lantern 

10 

5 

Complete 


Richford, Vt 

Oct. 7, 1908 Not determined 

17 

3 

$139,000 


Minneapolis, Minn 

Sept. 16, 1909 Unknown 

— 

— 

Partial 


Grand Rapids, Mich 

Aug. 11, 1910 Unknown 

— ■ 

— 

$78 ,000 


Chicago, 111 

Feb. 5, 1912 Unknown 

— 

— 

$500 ,000 


Chicago, 111 

Aug. 16, 1912 Unknown 

— 

— 

Partial 


Philadelphia, Pa 

Apr.25,June30. Flames from boiler in dusi 

' — 

— 

Slight 



July 23, 1913 feed pipe. 





Akron, Ohio 

Dec. 2, 1913 Broken electric light 

— 

— 

Slight 


Chicago, 111 

Feb. 7, 1914 Unknown 

— 

— 

Complete 


Galveston, Tex 

Mar. 30, 1914 Static spark 

— 

— 

$6 ,500 


Minneapolis, Minn 

April 10, 1915 Unknown 

— 

— 

$20,000 


Portsmouth, N. H 

May 14, 1915 Unknown 

— 

— 

$555 


Weehawken, N. J 

July 15, 1915 Spark from foreign material. 

— 

— 

$50,000 


New Orleans, La 

Dec. 14, 1915 Friction in leg i 

— 

— 

Partial 


El Reno, Okla 

Dec. 21, 1915 Choke in elevator leg 

— 

— 

$2 ,500 


Peoria, 111 

Mar. 6, 1916 Choke in elevator leg 

— 

— 

$600 ,000 


Fort Worth, Tex 

Mar. 9, 1916 Foreign material in rolls.. . . 

— 

— 

Partial 


Baltimore, Md 

June 13, 1916 Choke in elevator leg 

7 

22 

$1 ,500 ,000 


Minneapolis, Minn 

Feb. 15, 1917 Unknown 

— 

— , 

Partial 


Lemon, S. D 

April 2, 1917 Unknown 

- — 

— 

$12 ,000 


Minneapolis, Minn 

June 16, 1917 Unknown 

— 

— 

$200 ,000 


Brooklyn, N. Y 

Oct. 13, 1917 Rubbing of belt against side 

— 

— 

$1 ,750,000 



of elevator leg. 





Fife, Mont 

Dec. — , 1917 Striking bent cup 

— 

— 

$30 ,000 


Beach Grove, Ind 

June 14, 1918 Unknown . . . . 

— 

— 

$300 ,000 


Minneapolis, Minn 

Feb. 26, 1919 Sparks from switch engine. . 

— 

— 

$30 ,000 
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1 

Number 

Number 


Location. 

Date. 

Supposed cause. 

killed. 

injured. 

Damage. 


E LEVATORS — ( Continued) . 


Portland Ore. 

Milwaukee, Wis 

Dyersburg, Tenn .. . 
Port Colbome, Ont. 
Kansas City, Mo. . . 

Memphis, Term 

South Chicago, 111 . . 

Baltimore, Md 

Montreal. Quebec. . 


Mar. 24, 1919 

Unknown 

— 

_ 

May 20, 1919 

Foreign material 

3 

4 

June 2, 1919 

Hot bearing 

10 

10 

Sept. 13, 1919 

Electric spark 

14 

10 

Oct. 13, 1919 

Unknown 

— 

1 

Mar. 19, 1921 

Fire in driers 

6 

Several 

July 5, 1921 

Not determined 

— 

3 

Cct. 27. 1921 

N'^it determined 

— 



$3 ,000 
$150,000 
Very limited 
$1 ,500 ,000 
$500 ,0C0 
$2 ,000 
$3 ,000 ,000 
$3 ,000 
$11 ,000 


Feed and Cereal Mills. 


Cedar Rapids, Iowa. 
Joliet, 111 


DeLamere, N. D. . . . 
Cedar Rapids, Iowa . 

Boone, Iowa 

Shadyside, N. J 

Canal Fulton, Ohio . . 


Peterborough, Ont., Canada. 

Buffalo.N Y 

Buffalo, N.Y 

Granite City, 111 

Batavia, N. Y 

Buffalo, N. Y 

Keokuk, Iowa 

Buffalo, N. Y 

Fort Dodge, Iowa. . . 


Battle Creek, Mich. . 
Toronto, Ont., Canada. . . . 
Davenport, Iowa. . . . 


South Bartonville, 111.. 

Portland, Ore 

Buffalo, N. Y 


Buffalo, N. Y 


Memphis, Tenn. . 

Joliet. Ill 

Buffal-). N. Y.. . 


Jan. 11. 1902 

Sparks in dust collector .... 

__ 

— 

$1 .800 

Sept. 19, 1902 

Spark in leg from metallic 
substance. 


~ 

$1 ,500 

Mar. 21, 1903 

Sparks in grinding machine . 

— 

— 

$20 ,000 

Mar. 5, 1905 

Snarks in grinding machine . 

1 

3 

$1 ,000,000 

May 17, 1906 

Sparks in grinding machine . 

— 

— 

$26 ,000 

May 22, 1906 

Sparks by foreign material. . 

1 

— 

$75 ,000 

Dec. 21, 1907 

Metallic substance in 
grinders. 



$30 ,000 

June — , 1908 

Metallic substance 

— 

— 

Partial 

April 28, 1909 

Unknown 

— 

— 

$150,000 

Ja.T. 4, 1910 

Unknown 

5 

7 

$118 ,000 

Aug. 7, 1910 

Foreign material in grinder.. 

2 

7 

$40 ,000 

Nov. 13, 1910 

Metallic substance 

— 

— 

Partial 

June 24. 1913 

Unknown 

33 

80 

$465 ,000 

Sept. 11, 1913 

Sparks in grinding machine . 

— 

— 

$42 ,500 

Sept. 13, 1913 

Foreign material 

1 

7 

$180,000 

Nov. 6, 1913 

Sparks from grinding 
machine. 

— 

2 

$1 ,200 

Oct. 30, 1914 

Foreign material 

— 

— 

Partial 

Dec. 13, 1915 

Match 

— 

— 

Partial 

Jan. — . 1915 

Attrition mills 

— 

— 

Partial 

.Dec. 11, 1916 

Sparks in grinding 

17 

16 

$2 ,000 ,000 

Jan. 1, 1919 

Electric spark 

— 

— 

$750 ,000 

Mar. 24, 1919 

Sparks in grinding machine . 

— 

— 

$3 ,000 

Mar. 26, 1919 

Unknown 

— 

— 

Small 

.July 31, 1919 

Sparks in grinding 

— 

— 

Partial 

.Aug. 18, 1919 

Sparks in grinding 

— 

— 

Partial 

Sept. 12, 1919 

Unknown 

— 

3 

$20 ,000 

Oct. 21, 1920 

Unknown 

— 

1 

$10,000 

TTnlrnown 





$20 ,000 
$1 ,600 
$4 ,000 


siihst.anrp . . . 





Nov. 22, 1921 

Broken electric lamp bulb . . 

— 

2 


Starch and Corn Products, Plants. 


New York, N. Y. (Con- 
fectioners' plant). 

Grand Rapids, Mich. (Con- 
fectionery plant). 

Bradley, 111 

Waukegan, III 

Oswego, N. Y I 


Providence, R. I. 

Roby, Ind 

Roby, Ind 


Dec. 20, 

I Jan. ^ — , 

Mar. 12, 
Feb. 24, 
I July 1, 
Sept. 28, 
Feb. 12, 
May 8, 
Mar. 7, 


Lansdale, Pa. (Cassava 
starch dust). 

Chicago, 111 

Waukegan, 111 

Edgewater, N. J 

Edgewater, N. J 

New Orleans, La 

Baltimore, Md. (Dextrine 
plant). 

Argo, 111 


C edar Rapids. Iowa . 


lS77j 

1883 

1901 

1904] 

1907 

1907 

1908 
1908 
1910 


Breaking of lamp . 
Op'en gas jet 


Unknown . 
Unknown . 
Unknown . 


April 16, 1911 


Nov. 18. 
Nov. 25, 
Sept. 22, 
Dec. 21, 
Dec. — , 
Jan. 22. 


1910] 

1912 

1914] 

1915 

1918! 

1919 


Mar. 12, 1919 
May 22. 1919 


Unknown 

Unknown 

Flame from burning waste] 
in drying tunnels. 

Lantern 


Spark from nail 

Unknown 

Static electricity 

Unknown 

Static electricity 

Foreign material or excessive] 
heat. 

Broken electric light bulb in 
bin. 

Spark from foreign material. 


14 

2 

1 


43 


10 

4 


19 

3 

11 


30 


$120,000 

Partial 

$230 ,000 
$314,000 
$15 ,000 

$35 ,000 
$60 ,000 
$30 ,000 

Partial 

$2 ,000 
$100,000 
Partial 
$25 ,000 
Very limited 
Partial 

Partial 

$S .000,000 
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TABLE XXV — Continued 


PLANT DUST EXPLOSIONS IN THE UNITED STATES AND CANADA (Continued). 


Location. 

Date. 

Supposed cause. 

Number 

killed. 

Number 

injured. 

Damage. 

Rice Mills. 

New Orleans, La 

.A.pril 17, 1918 




$30 ,000 
$300 ,000 

Beaumont, Tex 1 

July 25, 1916 

I Unknown 

— 

__ 


Breweries and Malt Houses. 


New York, N. Y 

July 4, 1880 

Sparks from stones or metal 
in machine. 

- 

— 

New York, N. Y 

July 30, 1881 

Unknown. 





New York, N. Y 

May — , 1889 





Portsmouth, N. H 

Jan. 18, 1901 

Unknown 





Boston, Mass 

Dec. 5, 1905 
Sept. 13, 1907 
July 23, 1908 
May 31, 1911 
Aug. 11, 1911 




. 

Springfield, Mass 




Boston, Mass 

Foreign material 



Boston, Mass 

Foreign material 



Portsmouth, N. H 

Unknown 





San Francisco, Cal 

Sept. 13, 1911 
Oct. 7, 1916 
Oct. IS, 1916 
1919 

Foreign material 





Chicago, 111 

Unknown 



4 

Milwaukee, Wis 

Unknown 



Buffalo, N. Y 

Unknown 

— 

— 


Partial 

Partial 
Partial 
$ 15 ,000 
Partial 

51 ,600 
Slight 

Partial 

52 ,000- 
Partial 

$25 ,000 
$500 ,000- 
Slight 


Sugar Refineries. 


Philadelphia, Pa. ... 


Aug. 20, 1891 
Oct. 7. 1910 
April 28. 1911 
Oct. 21, 1911 
Feb. 27, 1914 




Partial 
$300 ,000 
Partial 
$50 ,000 
Partial 

Franklin, La 






Brooklyn, N. Y 

White Castle, Ind. . . 


Spark from blower fan 

— 

— 

Philadelphia, Pa. . . . , 







New York, ’ N. Y. 

fectionery plant). 
New York, N. Y. 
fectionery plant). 

(Con- 

Feb. — ; 1914 

Sparks from foreign material. 

— 

1 

(Con- 

Nov. 8. 1916 

Unknown 

— 

— 

Slight 

Brooklyn, N. Y 


June 13, 1917 
Oct. 1, 1919 

Pulverizing machine 

12 

24 

$1 ,000 .000 
Slight 

Brooklyn, N. Y 

. . . . ! 

Unknown 


iZ 

Brooklyn, N. Y 


Oct. 11, 17, 18, 
1919 

Foreign material in pul- 
verizer. 

— 

— 

Slight 

Brooklyn, N. Y 

Chicago, 111 


Jan. 23, 1920 

Foreign material 

— 

— 

Slight 


June 16, 1920 

Arc from electric switch. . . . 

— 

— 1 

Slight 


Woodworking Plants. 


Detroit, Mich. (Car works). 

Nov. — 1874 

Dust ignited by flames from 
fire. 

~ 

11 

Partial 

Appleton, Wis 

May — , 1880 

Dust from rafters fell on live 
coals. 

— 

— 

Partial 

Columbus, Ohio (Buggy 
w’orks). 

1886 



1 

Partial 





Oshkosh, Wis. (Lumber 

Aug. 28, 1895 

Sparks from fly wheel 

— 

— 

Complete 

mill). 




New York, N. Y 

Jan. 31, 1901 

Unknown 

— . 

— 

$1 ,000 ,000 

Buffalo, N. Y. (Door and 
box factory). 

April 6, 1901 

Oily waste 

— 

— 

$4 ,000 

Wausau, Wis 

April 18, 1901 

Fire blown from an explosion 
of dust in boiler furnace to 
shavings vault. 



Slight 


Nov. 27, 1905 
Feb. 7, 1906 



1 

Slight 

Partial 

Fitchburg, Mass 

Dust blown into furnace 

— 


Barber, Cal. (Match 

Aug. 6, 1910 

Dust blown into furnace. . . . 

2 

Several 

Complete 

factory). 





Philadelphia, Pa 

Feb. 5, 1913 
June 11, 1913 

Metallic sparks 

1 

1 

Slight 

Partial 

Nashua, N. H 

Unknown 



New Albany, Ind 

Aug. 1, 1913 

Water thrown with force 
into sawdust during fire. 

— 

— 

Partial 

Montreal, Ont., Canada. . . 

Nov. 7, 1913 

Unknown 

— 

— 

Partial 

St. Louis, Mo. (Chair 
factory). 

Nov. 25, 1913 

Open lantern 



Partial 

Philadelphia, Pa. (Box fact.) 

1913 

Bolt in cutting machine. . . . 

1 

6 

Partial 

Boston, Mass 

Jan. 3, 1914 
June — , 1914 

Unknown 

— 

— 

Slight 

Partial 

Brooklyn, N. Y. (Coop- 

Dust in furnace 

2 

— 

erage plant). 





St. Joseph, Mich. (Door 

Dec. 21, 1914 

Unknown 

— 

— 

Slight 

factory). 





Camden, N. J. (Talking 
machine factory). 

Oct. 27, 1914 

Fire from back-draft in dust 
nine. (Wood dust). 



$6 ,500 
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PLANT DUST EXPLOSIONS IN THE UNITED STATES AND CANADA (Continued). 





Number 

Number' 


Location. 

Date. 

Supposed cause. 

killed. 

injured. 

Damage. 


Woodworking Plant — (Continued) 



July — , 1915 
July 17. 1917 


1 

_ 


Tacoma, Wash. (Door 

Fire in cyclone 


— 

8120,000 

factory). 




Slight 

$160 


Feb. 7, 1918 

Spark from machine 



New York N . Y. 

Sept. 25, 1919 
.\ug. 17, 1920 

Spark in machine 





Three Rivers, Mich. (Wood 

Fire from heading machine . 

— 

— 

$15 ,000 

handle factory). 






Chicago, 111 

Nov. 8, 1920 

Carbonized sawdust 

— 

Several 

flight 
$75 ,000 

Buffaln. N. Y 

Mar. 3. 1921 

Unknown 

— 



Miscellaneous, 


New Kensington, Pa. 

Nov. 

5, 1917 

' Spark from sledge hammer. . 

7 

15 

$175,000 

(Aluminum plant). 






Manitowoc, Wis, (Alu- 
minum Mfg. plant). 

Feb. 

26, 192C 

» Spark from wire in exhaust 
fan. 

6 

4 

Slight 

Leominster, Mass. (Cel- 

Sept. 

3, 1913 

Spark from machine 

— 

— 

Slight 

luloid plant). 






Boston, Mass (Chocolate 
factory). 

Mar. 

30, 1914 

Foreign material in blower 
fan. 


— 

Partial 

Burlington, Vt. (Chocolate 

.April 25, 1918 

Spark in fan 

3 

1 

$750,000 

factory). 







Pittsburgh, Pa. (Cork 

Dec. 

11, 1903 

Unknown 

— 

— ■ 

Partial 

factory). 



Dust (cork) on pipes in drier. 




Philadelphia, Pa. (Oilcloth 

.Aug. 

13, 1913 

— 

— 

$6 ,000 

factory — cork dust). 







Philadelphia, Pa. (Oil cloth 

Mar. 

27, 1914 

Foreign material in grinders. 

— 

— 

— 

factory — cork dust). 







Baltimore, Md. (Cork 
factory). 

June 

29, 1917 

Overheated cork in attrition 
mill. 


■ — 

$120 

Nicetown, Pa. (Oil cloth 
factory — cork dust). 

Feb. 

27, 1918 

Stream turned on pile of 
dust. 

— 

7 

— 

Philadelphia, Pa. (Cork 

Feb. 

1, 1919 

Friction from broken belt.. . 

— . 

— 

Small 

factory). 







Philadelphia, Pa, (Cotton 

Aug. 

19, 1907 

Unknown 

— 

— 

Partial 

mill). 







Denver, Colo. (Cotton mill) 

Jan. 

10, 1910 

Unknown 

— 

— 

Partial 

Woonsocket, R. I, (Cotton 

Oct. 

24, 1913 

Unknown 

2 

— 

Partial 

mill). 







Nashua, N.H, (Cotton mill) 

Jan. 

19, 1914 

Unknown 

— , 

— 

Partial 

Cleveland, Ohio (Cotton 

Oct. 

7, 1916 

Sparks from fan 

— 

— 

Partial 

and woolen works). 






Portsmouth, Va. (Fertilizer 

Jan. 

28, 1908 

Nail in pulverizing mill 

— 

— 

$10,000 

plant). 







St. Joseph, Mo. (Fertilizer 

Dec. 

27. 1908 

Unknown 

— 

— 

Partial 

plant). 







Philadelphia, Pa. (Fer-- 

June 

21, 1909 

Unknown 

— 

— 

$8 .000 

tilizer plant). j 







Philadelphia, Pa, (Fer- 

May 

3, 1910 

Unknown 

— 

— 

Partial 

tilizer plant). 







Fort Worth, Tex. (Fer- 

Aug. 

1, 1912 

Unknown 

— 

— 

Partial 

tilizer plant). 







Chicago, 111. (Fertilizer plant) 

Jan. 

9, 1915 

Unknown 

— 

— 

Partial 

Chicago, III. (Fertilizer plant) 

Jan. 

4, 1916 

Sparks struck by elevator 
bucket. 

— 

— 

Small 

Buffalo, N,Y.(Fertilizer pit.) 

Mar. 

12, 1916 

Unknown 

7 

— 

Partial 

C hicago. 111. (Fertilizerplant) 

May 

24, 1916 

Unknown 

— 

— 

— 

Chicago, 111. (Fertilizerplant) 

July 

14, 1916 

Unknown 

— 

— 

— 

Chicago, 111. (Fertilizerplant) 

Mar. 

10. 1919 

Unknown 

— 

— 

Slight 

Anoka, Minn. (Powdered 

July 

10, 1918 

Sparks in drying chamber . . 

— 

— 

$30 ,000 

milk factory). 






Pejepscot, Maine (Paper 

Feb. 

3, 1914 

Sparks from saw 

— 

— 

$6,700 

plant). 





Bristol, N. H. (Paper 

Feb. 

7, 1914 

Static electricity 

— 

— 

$4,700 

plant). 





Bridgeport, Conn. (Phono- ( 
graph factory). [ 

Mar. 

Mar. 

27, 1917 
6, 1918 

Foreign material 

— 

1 

$800 

West Orange, N. J. (Phono- 

May 

11, 1917 

Metal in grinders 





$35 ,000 

graph factory). 




Danversport, Mass. (Rubber 

Jan. 

6, 1914 

Foreign material in grinders. 

— 



Partial 

reclaiming factory). 





Muskegon, Mich. (Rubber , 

Aug. 

18, 1920 

Not determined 

8 

1 

$25 ,o:o 

recovery plant). 
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TABLE XXV — Continued 


PLANT DUST EXPLOSIONS IN THE UNITED STATES AND CANADA (Continued). 





Number 

Number 


Location. 

Date. 

Supposed cause. 

killed. 

injured. 

Damage. 


Miscellaneous — (Continued.) 


Cleveland, Ohio (Shoddy 
mill). 

Feb. 27, 1910 

Spark struck by workman's 
hoe. 

— 

3 

Partial 

Cleveland, Ohio (Shoddy 

Mar. 18, 1910 

Unknown 

— 

— 

$100 

mill). 






Providence, R. I. (Soapine 
works). 

Newark, N. J. (Spice and 

Aug. 4, 1890 

Open gas burner 

2 

9 

Partial 

Jan. 29, 1915 

Foreign material 





Partial 

shellac factory). 






Cincinnati, Ohio (Tea and 
spice mill). 

Jan. 17, 1920 

Flames of fire ignited spice 
du.st. 

4 

13 

$150,000 

Toronto, Ont., Canada 

April — , 1911 

Static electricity 

— 

— 

$500 

(Sulphur dust). 






Toledo, Ohio (Sulphur dust) 

Dec. 16, 1921 

Static electricity 

— 

— 

Slight 

Louisville, Ky. (Sulphur 






dust) 

Mar. 12, 1922 
Nov. 25, 1912 

Sparks 





Partial 

New York, N. Y. (Sulphur 
dust). 

Elevator buckets striking 
sparks. 

— 

15 

Partial 

Boston, Mass. (Rubber 

Feb. 6, 1913 

Static electricity 

— 

— 

$100 

factory, sulphur dust). 






Hartford, Conn. (Rubber 

Feb. 23, 1914 

Static electricity 

— 

— 

Slight 

works, sulphur dust). 






'Hudson, Mass. (Tannery) 

April 10, 1913 

Unknown 

— 

— 

$1 ,000 

, Michigan (Tannery) 

New York, N. Y. (Fur 

Aug. 29, 1916 

Friction in grinders 

— 

— 

$800 ,000 

July 2, 1889 

Candle 

— 

4 

$1 ,300 

cleaning works, wood and 
flour dusts). 






PLANT DUST EXPLOSIONS IN EUROPE UP TO 1921. 


Glasgow, Scotland (Flour 

July 

9, 

1872 

Sparks from mill stones. . . . 

18 

16 

.$350,000 

mill). 






Budapest, Hungary (Flour 
mill). 



1878 




Partial 






Sorgues, France (Garancine 

Nov. 

13, 

1878 

Lantern 

6 

— 

Partial 

factory). 







Macclesfield, England (Corn 

Sept. 

14, 

1881 

Mill stones running empty. . 

— 

— 

Partial 

mill). 







Rochdale. England (Flour 

Feb. 

— , 

1882 

Mill stones striking fire 

— 

— • 

$130 ,000 

mill). 








Corbeil, France (Cereal 
mill). 



1892 


4 


Partial 



Starch falling on heating 
pipes. 



Angers, France (Confec- 
tionery works). 

July 

6, 

1904 

1 

3 

Partial 

Paris, France (Sugar re- 

May 

22. 

1908 

Electric sparks 

3 

49 

Partial 

finery). 








Manchester, England (Dex- 

Mar. 

21, 

1911 

Fire in fan casing 

3 

5 

Partial 

trine works). 








Glasgow, Scotland (Feed 
mill). 

Liverpool, England (Lin- 

Nov. 

10, 

1911 

Open flame 

5 

i 8 

Partial 

Nov. 

24, 

1911 

Unknown 

39 

101 

1 Partial 

seed meal mill). 








Aberdeen, Scotland (Feed 

Dec. 

— , 

1911 

Foreign material 

— 

1 

Partial 

mill). 







Manchester, England (Dex- 

Mar. 

11, 

1913 

Unknown 

3 

5 

Partial 

trine works). 








Tourcoing, France (Paper 
mill). 

Ossett, York, England (Rag 

May 

31, 

1913 

Lantern 

2 

— 

Partial 

June 

2, 

1913 

Friction of match in pocket . 

— 

3 

Partial 

carbonizing plant). 






Partial 

Selford, England (Brewery) 

June 

19, 

1913 

Open gas flame 

— 

1 

Lancaster, England (Lino- 
leum works). 

June 

24, 

1913 

Sparks in cork grinding 
machine. 

— 

3 

Partial 

Manchester, England (Oil 

June 

24, 

1913 

Hot flue dust 

— 

2 

Partial 

cake factory). 







Liverpool, England (Oil 
cake mill). 

Sept. 

5, 

1913 

Foreign material in elevatoi 
buckets- 

— 

2 

Partial 

Mitcheldean, England (Ce- 
ment works). 

Sept. 

8, 

1913^ 

Sparks from rotary kiln 
(coal dust). 

— 

1 

Partial 

Wan d s wort h , Engla nd ( Gra- 

Nov. 

21. 

1913 

Foreign material (Copal gum) 

— 

4 

Partial 

phophone record factory) 








Rhenish Palatinate, Ger- f 
many (Sugar works). \ 

Feb. 

May 

— , 

1916 

1917 

Unknown 

7 

Several 

Partial 

Kuopio, Finland (Grain 

July 

23,’ 

1919 

Sparks from friction of belt. 

— 

— 

Complete 

elevator). 





Czegled . Pl'ng 'ry (Flour mill ) 

1 Recently 


Breaking of electric bulb 

— 

— 

— 
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